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mTRODUCTIOH. 



The oholoe of type of prime mover in a eteam 
power plant between reciprooatlng engines and steam tur- 
bines is merely a matter of opinion; the reciprocating 
engine is the older of the two and is entirely out of 
the experimental claBs^ whereas the turbine » at the pres* 
ent time, is right in the stage of development. 

The principal advantages of the turbine over 
the reciprocating engine are as follows:* (1) the turbine 
has a uniform angular velocity and alternators operate 
more satisfactorily in parallel when driven by turbines; 
(2) the turbine exhaust steam contains no cylinder oil and 
hence the condensed steam from the turbine can be fed di« 
reotly to the boiler or a feed water heater; (3) with a 
turbine installation the generator is almost always direct- 
connected to the tturbine and in consequence of this fact, 
troubles with belts or other connectors are eliminated and 
the unit is more compact suid occupies less floor space. 
Other advantages claimed for the turbine » such as, less 
steam consiunption per vmit capacity » ability to withstand 
continuous operation without Bhut-down, and ability to use 
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high testperature euper-heated eteam^ are in many InstanoeBi 
overrated. 

Tiurbinee operate beet on a rather high yacuum 
and large xmlte are eeldom run non-oonsensing. Recipro* 
eating engines operate eatief aotorily without a yacuum. 

The best turbines compare yery favorably with 
the best reciprocating engines and it would be improper » 
at the present time^ to state that in the future either 
one of the two could shut out the other • 
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TESTS TTSRFOMED. 



1. A Twenty^f our Hoiir Test on a 400 K. W. S-phase 
Westlnghouse Turbo Generator, including 
a Twenty •four Hour Boil6r Test on a 500 
H. P. Water Tube Stirling Boiler* 



2. A Twelye-hour Boiler Test on the 500 H« V. 
Water Tube Stirling Boiler. 



3. A Series of Teats on a 40 Z. H. Northern Terry 
Surbo-Sxclter Unit. 



(a) A Test to Deteirmine the Behavior of the 

ITorthern^Terry Bxoiter Unit at 
Various Loads. 

(b) A Test to Determine the Behavior of Ex- 

citer Unit after larger ITozzles had 
been placed in the Turbine. 

(o) A Test to determine the Speed Regulation 
of the Turbine at Various Loads and 
the Effect of sudden Changes of Load 
upon the Turbine Speed. 

(d) A Test to deterzaine the full Performance 

of the Exciter Tiurbine, including the 
Steam Pressure upon the Blades of the 
Turbine at Various Loads. 
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LIST 07 PRINCIFi^ MACHINES AHD UNITS 
IN THB PLMT IN VHICH TEST ON 400 K. W. 
IBSTINGHOUSB PJiRSONS TURBO- ALTERNATOR WAS MADE. 



Two Wlckes Water Tube Boilers each 300 H. ?• capacity. 

One Stirling Water Tube Boiler of 500 H« P. capacity* 

One 400 K. W. Westinghouse Parsons Turbo Alternator. 
2300 V. 3-phase. 60 cycles. 

One 25 K. W. 120 volt Exciter Unit direct-connected to 
an 8 in, by 10 in. Ideal Engine. 

Two 300 K. W. 2300 v. 60 cycles, 3 -phase to 575 D. C. 
Motor Generator sets. 

One 280 H. P. Gas Engine » 3 cylinders, belted to a 
200 K. W. 550 D. C. Generator. 

One 280 H. P. Gas Engine, 3 cylinders, belted to a 

120 K. W. 2300 volt, single-phase 60 cycle Alter- 
nator, and to a 150 K. W. 550 D. C. Generator. 

One 125 H. P. 3 cylinder Gas Engine belted to a 75 
K. W. 550 V. D. C. Generator. 

One 500 v. D. C. Ifotor direct-connected to a 58 v. 
D. C. Booster Generator. 

One 500 K. W. Allis Chalmers Turbo Alternator of the 
Parsons type 2300 v. 60 cycles, 3-phase. 

A Battery of about 280 chloride Accumulator Cells 
operated in connection with the street-car power 
circuit. 
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3^ 



This plant operates In connection with a gae 
plant located east of it and also In connection with an 
auxiliary steam station, located on Williamson Street » 
which is operated only when the station wherein the test 
was made is xinable to carry the load due to heavy over- 
load, breakdown, or shutdown* 
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4. 



GTSSJSRAL COUDITIOITS^ 



The 400 K. W« Westlnghouse Parsons Turbo 
Alternator which was tested 1b not operated throughout 
the whole twenty«f our hours of the day when the plant 
Is running under normal operating conditions. It Is 
used as a reserve capacity to help carry the peak load 
which comes on from 4:30 P« U. to 5:30 V. H* » depending 
upon the nature of the weather and the season of the 
year, and lasts usually until ahout twelve o'clock at 
midnight • A 500 K« W« Turbo Alternator takes care of the 
load dxirlng the hours of daylight and after midnight, 
A 500 H« P> Water Tube Stirling Boiler supplies the steam 
for this 500 K. W« unit, while It runs alone. 

At about 3:30 F, M« one, or both, of two 300 
H« P. Wlokes Boilers Is fired up so that they may be 
cut Into the main steam header as soon as the peak load 
comes on . As soon as It becomes dusk the various light- 
ing circuits are loaded and the load Increases very rap« 
ldly« It is then that the Wiekes boilers are cut into 
the main header and the 400 K. W« 2300 v. 3-phase Westing- 
house Turbo Alternator is started and synchronised with 
and operated in parallel with the 500 K. W« 3 phase 
Alternator* The two machines are operated in parallel 
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5. 
till about midnight when the load again drops down, the 

Westinghouse 400 K. H. unit Is shut down, and the 500 K. W« 
unit continue to operate carrying the load alone » The 
xmlts Just discussed supply power to two motor generator 
sets which supply 500 v. D« C« power to the Railway and 
Commercial Power circuits, and to the various arc light- 
ing, and Incandescent lighting circuits of a city having 
a population of about 30,000 people. In view of the fact 
that the city would be left without power or light In 
case of a shut down of the plant extreme care was neces- 
sary. In carrying out this test. 

All the steam driven apparatus of the plant, 
with perhaps the exception of some of the boiler feed 
pumps takes its steam from the main steam header. Besides 
this, steam for the gas works is drawn through a reduction 
valve, and steam for heating the engine room is drawn 
from the main header. There are no valves located in the 
header proper, but valves are used for each boiler so that 
it may be cut out if desirable. 

The Sxhaust steam from the 500 K, W. Turbine 
is condensed by a 2000 sq. ft. Alberger Sxa^face Condenser 
which holds a vacuum of about 27 inches of mercury almost 
constantly. The 400 K. W. Westinghouse Unit tested 
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6, 
exhauBts into a special type of Jet condenser designed 
"by Mr« H, L« Doherty« Vaouum is kept on this condenser by 
a Stillwell, Bierce & Smith Vaile Co« Dry vacuum pump« 
A centrifugal piistp direct-connected to a 20 H« P. 550 v, 
D, C. Northern vertical shaft motor draws the circulating 
water and condensed steam^ or cooling water from the Jet 
condenser. The centrifugal punqp merely exhausts the 
water from the condenser » and the vacuum causes the atmos- 
pheric pressure to force the cooling water into the con- 
denser « 

The water used for boiler feed condensing and 
cooling water is pumped from Lake Monona by a centrifugal 
pump geared to a 50 H. F« 3-phase 2300 v, induction motor 
which discharges the water through a 20^ main into the 
water seal of a 60,000 cu« ft« gas holder located near 
the plant. The water is then drawn from this holder as 
it is needed. 

During regular operation all exhaust steam from 
theexciter xinit, dry vacuxm puxopSi wet vacuum pumps and 
boiler feed pumps is discharged through a 10** pipe into a 
Cochrane 1500 ¥L. P. ?eed water heater. 
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7. 
The Twenty-Pour Hoxir Test on the 400 K. W. 2300 v, 
Westlnghouee T\irho Alternator , 
Including a Twenty-To\ar Hoxar Boiler Teet 
on a 500 H« F« Water Tuhe Stirling Boiler« 



It wae decided to run a cosqplete plant test 
including the 400 K. W« Alternator • The question at 
once arose as to the hest method of proceeding* To con- 
duct this test several things had to he kept in mind; 
first and most in^ortant, nothing could he done which 
would create a likelihood of the plant's heing forced 
to shut down during the test; second » there was no way 
in which to confine the steam consunrption of the turhine 
to any of the hollers alone , due to the fact that there 
is no valve in the main header hetween the hoilers« This 
meant that the 500 K« W« unit had to he closed down during 
the test. 

The Westinghouse Turhine exhausts into the jet 
condenser. This made the direct measuring or weighing of 
the exhaust steam practically impossihle due to the large 
quantities of water involved and the limited apparatus to 
he had. To get around this difficulty several methods were 
suggested. Host of them were such as involved the metering 
of the cooling water entering the condenser and the total 
quantity of water leaving the condenser hy means of the 
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pliot tu^be^ yenturt meter or eimilar methods* All data 
available on such meaeuremente showed that individual 
observations might give results which were in error by 
about 2 or Z% from the actual amounts of water measxured« 
As the total steam condensed is only from 8 to 12^ of 
the total water discharged from a Jet condenser by weight, 
it is readily seen why such methods of measuring the steam 
consumption of the turbine would be unsatisfactory* 

It wa^ finally decided to determine the steam 
consumption of the turbine in the following manner: - All 
of the boiler feed water was to be accxirately weighed » and 
all the condensed steam from the auxiliaries and traps 
was to be weighed. Then to obtain the weight of the con- 
densed steam from the txurbine subtract the amount of auxil- 
iary condensed steam and trap steam from the total weight 
of boiler feed water for the period of time in consider- 
ation. To attain this end it was found necessary to in- 
stall and use three auxiliary condensers* 
Dtiration of the Test 1 A. VL. , Mar. 28, till 1 A. K, , Uar. 
29, 1909* 
Ob.iect of the Test . 

The object of the test was to determine the 
performance of the 400 K* W* 2300 v. Westinghouse Parsons 
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9. 
Txirbo Alternator when under actual operation and also to 

determine the efficiency of the plant, 

A general outline of the test as actually con- 
ducted will now he given. 

All instriuaents » gauges, thermometers and all 
measuring apparatus used during this test were first cal- 
ibrated and when corrections were found to he necessary, 
calihration curves were plotted which are all recorded 
in this thesis. 

Operating conditions of the plant had to he 
changed somewhat from ordinary normal conditions due to 
things already mentioned. The time selected for running 
the test was from Sunday at 12:00 A. Vi. till on Uonday 
at 12:00 A. M, This was in fact the only day of the week 
upon which the Westinghouse Txirhine with the aid of 
another small plant would he ahle to carry the whole load 
for a period of 24 hours. The date selected was Mar, 26, 
1909, During the test the 500 K, W, unit was shut down. 
The steam supply for the Gas Works was cut off and a 
holler at the gas plant furnished the necessary steam for 
the gas manufacture. The steam for the heating of the 
engine room was shut off because heating was f ound# to be 
unnecessary. Some of the steam traps were shut off while 
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10. 
the pipe conneotioxBfor the others were broken so that 

the water discharged from them could be caught in tubf 
and weighed. The feed water heater before mentioned was 
cut out altogether. The exhaust pipes from all the auxil- 
iary steam driven apparatus were by-passed so as to make 
it possible to condense the exhaust Bteam in the auxiliary 
condensers which were installed. 

The following steam driven apparatus was in 
operation during the 24 hour test, - The 400 K. W. 2300 
V. 3«*phase Westinghouse Parsons Turbo Alternator, a 40 
?• ¥• 126 V. Korthern-Terry Txxrbo Exciter unit, a Stillwell 
Bieroeand Smith Vaile Co, dry vacuxun pump and two feed 
water puxnps. 
Auxiliary Condensers , 

The condensers installed for condensing the 
exhaust steam from the auxiliaries were as follows:- 

One 40 H, P, IXfhA^ler condenser used to condense 
the steam from the 40 K. W. Northern Terry Turbo Exciter 
unit, a condenser consisting of sections of pipe joined 
by L«*coupling8 placed in a tank surroxmded with cooling 
water, which was used to condense the exhaust from the 
two feed water pumps, and an old boiler which had been 
rigged up to be used -as a condenser was used to condense 
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11. 

the exhaust from the dry vacuum pump« A platform scale 
and tuhs were placed at each of these condensers for weigh- 
ing the condensed steam« Provision was also made in each 
case hy using suitable valves so that the condenser could 
he cut out and the exhaust turned hack into the feed water 
he&teri upon any accident which would disable the condenser. 
Boiler Peed Water . 

All boiler feed was taken from the water expelled 
from the larger Jet condenser of the 400 K. W« Turbine »and 
forced through the oondenser for the vacuum pusqp as cool- 
ing water so as to heat it slightly before feeding it into 
the boiler* The boiler used was the 500 H« P. Water tube 
Stirling type« A platform was erected near the boiler » 
upon which were mounted two platform scales of 2000# cap* 
acity, each of which had placed upon it a 1500# weighing 
tank with a 3-1/2^ rapid .opening gate valve« One feed 
water pump was connected up with suitable piping and valves 
and used to pustp the feed water up into these weighing 
tanks. The water was weighed and then allowed to flow by 
gravity into a 2500# hot well near at hand and below them. 
The other and smaller feed water pximp was used to pungp the 
feed water out of the hot well and force it into the boiler. 
The water level in the boiler was kept constant and the 
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12. 
amount of l)oiler feed checked up for each hour run during 

the te8t« 

Goal^ Firing and Ash > 

The coal used was a fairly good grade of soft 
coal. All coal fired during the test was weighed* The 
grates were cleaned just before the test was started and 
all ash removed from the ash plt« All ash removed during 
the whole test was weighed and Its weight recorded. Alter- 
nate hand firing was employed and the fires were Icept as 
\xnlform as possible. At the end of the test the grates 
were cleaned and all the ash weighed. The fires were 
drawn at about 6 o^ clocks at 12 o* clock and at ahout 
6 0^ clock In the evening during the test. The amoixnts of 
coal were not checked up for regular Intervals due to some 
difficulty in bringing in the coal, but the total amount 
consumed d\irlng the 24 hours was recorded. 
yiue Gas. Temperature of Stack, and Draft > 

A sample of the flue gas was taken every hoxxr 
and analyzed for C Ooi 0^ and C by means of the Orset 
Apparatus. 

The tenqperature of the stack was measured every hour by 
a calibrated thermo couple placed in the stack over the 
boiler. The chimney draft was read by means of a kerosene 
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13. 
differential draft gauge placed in the l)reech of the fur- 

naoe, calibrated to read in inches and hundredths of in« 

ches of water. 

The quality of ateam was detexmined hy means of 
a throttling calorimeter placed in the steam pipe directly 
above the hoiler* The gauge pressure at the boiler was 
measured by a calibrated gauge placed on the steam pipe 
directly above the boiler. 
Data Taken at the Turbine , 

The Revolution made by the ttirbine was recorded 
by a stroke counter which counted the strokes made by the 
oil pusqp. This stroke counter was read every fifteen min- 
utes and the readings recorded. The ratio between the 
strokes of the oil pump and the revolutions of the turbine 
was determined as 1 : 21. 7rom this the Revolutioxs per 
minute were determined. 

The gauge pressure was taken at the steam feed 
pipe to the turbine every fifteen minutes by a calibrated 
gauge, which was found to be correct as close as it could 
be read. 

The power input into the motor driving the con- 
denser water puxnp was measured by Weston D« C. Atometer 
#6010, to 25 amps, each of which had been previously 
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14. 
oal Unrated. Readinge were taken every fifteen minutes* 

The vacuum on the exhaust of the turbine was 
measured by a mercury tube which read inches of mercoary 
below atmospheric pressiure. 

The amount of oil' cooling water was measured 
by a water meter connected in the supply pipe just at 
the base of the turbine « 

A water meter had also been connected in to 
measiire the gland water, but this meter did not work due 
to the very small amount of water passing through it to 
the sealing glands on the turbine. 

The tengperature of the condensing water was 
taken as it entered the condenser and also as it left 
the condenser « 
Auxiliary Condensed Steam, and Traps . 

All the auxiliary steam was condensed by the 
condensers installed for that purpose, and the condensed 
steam from each condenser weighed and recorded every fif« 
teen minutes, so as to enable one to check the steam con* 
sxamption of the turbine every hour. 

The steam trap connected to the main steam 
header blew off on an average of once every hour. For a 
time this water discharged was weighed with considerable 
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15. 
difficulty in catching the water, but it was foiaid that 

this amount of water averaged, with the correction for a 

slight leakage from the hot well to about 50# or nearly 

50# per hour* Thus this amount was assumed as 50# per 

hovor and classed under Trap water in the log recorded in 

this paper. 

Steam Consumption of the Turbine . 

The total boiler feed was checked up each 
hour. Subtracting the total auxiliary condensed steam 
and trap water from the total boiler feed for any given 
period of time, gives the steam consusqption for the tur« 
bine for that period. 

Theoretically this sovuids very well, but due 
to the tact that a matter of 2000# or 4000# of water 
makes a very slight difference in the water level of the 
boiler, in fact so slight that it is scarecely noticeable 
when the boiler is in operation; all sorts of absurd 
results as regards the steam consuzqption of the turbine 
per K. W. Hr. may be obtained when only a short period 
of time is taken into consideration. It had been intended 
to find the steam con«un3>tion per K. W. Hr. for the tur- 
bine at various loads, but due to the facts just mentioned 
this was abandoned, and the steam consumption per Av. K. W. 
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16. 
Hr« foxind taking full twelve hour periods into consider- 

ation« 

The Regular Switch Board and Instruments > 

The switch used on the Turho generator is an 
oil contact hreaking switch so arranged that the bus hars/ 
of which there are three » of the generator may be con- 
nected in parallel with the other generator a 500 E, W. 
Alternator. 

The switch hoard contains two potential trans- 
formers, two current transformers connected similarly to 
those used to measure the power in the test« The second- 
aries of these transformers are connected to a three- 
phase indicating wattmeter^ made hy the General Zlectric 
Co« and calibrated so as to read the Kilo watt output of 
the Alternator directly. 

The switch board also contains an ammeter which 
is placed in the secondary of a current transformer and 
calibrated so as to read the cxirrent in the primary directly. 

Plugs are also provided so that any phase of the 
Alternator may be connected to the common switch board 
voltmeter. 

Plugs for synchronizing are also found on the 
switch board. 
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17. 
Method of Ueasuring the Power Output of the 400 K. W« 
2300 Y. Westlnghouse-Parsone^Tur'bo Alternator > 

The Regular Two Wattmeter Kethod of meaeuring 
the power output of the Alternator waos used with all 
inetruments In the secondary circuits of potential and 
series transformers as shown by the plate Diagrams of 
connections* 

In the regular log. of data W^^ represents one 

of the wattmeter readings and Wg the other wattmeter 

reading. The instrument transformers were calibrated as 

discussed in the calibrations of instruments. The curves 

showing thie relation between wattmeter corrected readings 

and Actual Primary Watts _ K was obtained from the re- 

True Secondary Watts ~ 
suits of the calibration data, and the curves. recorded. 

^1» ^2 ^^* ''^l* ^ correspond to the corrected 
readings of the instruments having the same letter on the 
diagram. 

The Field Current and the E. U. F. impressed 
across the exciting £L eld of the Alternator were measured 
by D. C. calibrated instruments. 

The exciting current is designated by Ip and 
E. M. F. across the field coils as Ep on the tabulated 
data. 

The electrical Instruments were read every two 
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18, 
minutes and recorded. 

All readings were corrected and the averages 
for each half hour period taken and the actual values of 
the Primary power computed from these. 

Total Power - (Ki W^ ^ K2 W2) 

K^ and Kg were taken from the curve. 
Signalling to Men to take Data , 

A system of bells was Installed ^ which was 
controlled from the main instrument table for signalling 
to the men when data was to be read. Readings were taken 
every 15 minutes. Two short rings were given 15 sec. be- 
fore the time of reading and one long ring was given as 
the signal to read. 
Proximate Analysis of Coal and Heating^ Value of Goal . 

A Proximate Analysis of coal was made accord- 
ing to the method given in Carpenter]- of a sample which 
was gradually accumulated during the run from the coal 
fired. 

A sample of ash was also taken and analyzed for 
carbon and earthy matter. 

The heating value of the coal was determined by 
means of a Pair Calorimeter. 

1 
Carpenter's ••Experimental Engineering. •• 
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RBSULT8 07 24 -HOUR BOILESl TBST. 



The name of the plant at whioh this test was 
made is withheld by request* 

Test made hy Schroeder, Shea» and Martin, stu* 
dents of the University of Wisconsin, on a 500 H, P. water 
tube Stirling Boiler » to determine the behavior of the 
boiler under the conditions of operation. 
Conditions . 

The conditions were not exactly the same as 
those found in most boiler tests. The fires were not 
pulled immediately before starting the test, but at some 
time about 1 hour before the test was started. An en« 
deavor was made to keep the firing as uniform as possible. 
The water level in the bdiler was kept as nearly constant 
as possible. Checks were made on the amount of boiler 
feed every hour. The fires were pulled eigain 1 hour be- 
fore the test was ended and all the ash removed, thus end« 
ing the test with conditions about the same as they were 
at the start. The fuel used was a medium grade of soft 
coal. The furnace was of the ordinary horizontal grate 
type. The method of firing was the alternate hajid firing. 

Barometric Pressure -. 28.565** of Mercxary. 
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43. 
The Heaeurement of the Power Output of the 
400 K. W. Turbo-Alternator. 



The power output of the Turbo -Alternator wae 
measured by the two wattmeter method using the instru- 
ments in the secondaries of Potential and Current trans- 
formers. 

The transformers and instruments used were all 

calibrated* The instruments were connected as shown in 

the diagram of Connection for measuring the power output 

of the 400 K. W« 3-phase Alternator » The nximbers of the 

instruments are given on this diagram. 

List of Instruments Used . 

G & E Potential Transformer Ho. 302721 and 
Westinghouse Series Transformer No. 49203 
used with the following instruments :- 

Weston A. C. Voltmeter Ho. 5102 »(0 to 150) 
Weston Wattmeter No. 2859, (0 to 150) 
Weston A. C. Ammeter No. 291, (0 to 5) 

6 & S Potential Transformer No. 302723 and 
Westinghouse Series Transformer No. 49182 
were used with the following instruments :- 

Weston A. C. Voltmeter No. 3408,(0 to 150) 
Weston Wattmeter No. 267, (0 to 1500) 
Westinghouse Ammeter No. 104502,(0 to 5) 

Other Electrical Instrxaments . 

For measuring power consumed in exciting the 
Turbo-Alternator : - 

Weston D. C. Ammeter No. 16258,(0 to 75) 
Weston D. C. Voltmeter No. 16808,(0 tol50) 
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44. 
Tor ICeasurlng power Input Into motor driving 
Condensing Water Circulating Pusqp:- 

Weeton D. C. Voltmeter Ho. 12027, (0 to 750) 
Weston D. C. i\mmeter 'So. 6010 , (0 to 25a2iip.) 



Note:- (To accompany Log of Blectrlcal Data.) 

Digitized by LrrOOQlC 



Digitized by 



Google 



Digitized by 



Google 



g 
5 



o 



§ 

CO 

o 

M 

o 



o 



o 
o 



• • •• 


CSO^O|:f:fO^HO^|D|Dr-500iQlt>0» 
OOC^COCOCOlOfOlOOlSc^iOlOlQlO^ 


w 


OlrHO^ rH0^iDr*0^0^O0^0»C0iDr>* 

^^to^^tototototo^tototototo 


w 


o^r-oto^ior-toto^Hr-io<^oco 

C^C^C0C0C05OlOiOC0C0r*lOtf)^iO^ 


ft 


; 102.9 ; 
1 102.9 : 
; 102.9 ; 

: 101.9 ; 
I 101.4 


M^ 


I 40.2 ; 
1 40.2 : 
: 40.2 : 

; 3».7 ; 
: 39.2 

1 4 


^-^ 


oioito^ioo^iOioio^^c^oioi^^^g^ 
ooooocotf>ioooo»ior*c^c^€0 

OlOlOlOlOliHrHrHOlOli-lr-liHi-liHi-l 


r-i 

> 


to to to 01 to 01 01 01 01 01 01 «w tow to 




^oO'^'^'^Q50'^oio^^5055 

r-lr-lrHr-lfHOOO»fHHr-IO^OO^O^O 
OlOlOlOlOlOlOliHOlOlOliHOlr-lfHOl 


001^50C0001^50C0001^fOCOO 
O iHi-IHHrHOlOlOlOlOltO 



45. 



S 



m 

to 



CO 



i 



to 



s 



0} 

to 



50 
O 
01 



% 



Digitized by 



Google 



Digitized by 



Google 





•• •• 


O^O'^IOIO'^HHOHO'^IOHP^O 
^^lOiOHOIlOlOlOOIOIOIOIlO^ 




>" 


lOtOlOlOlOlOlOlOlOlOlOlOlOlOlO 




I." 


«r>-^^OOICVllOlOl002020}lO^ 


• 

« 

O 

o 
1 


^ 


1 101.4 i 
\ 101.9 i 


M^ 


lO 

lO lO 

lO 10 




r 


(DCOr^r^lOlO^^^^^lO^iOiO 




^-^ 


• •••••••••••••a 

OI020IOOIOIOICM020IOIOICMCMOI 
Hr-IHHHHr-lr-IHHHHfHr-IH 




^-^ 


O00l0»i0f0l0f0^i0l0^i0^0 
OJOIHHHHHHHHHHHHH 




4 


01 ^ « CD O 01 ^ O CD O 02 i9 fO QOO 
10 10 10 10 ^ ^ ^ ^ ^ lO ID lO lO lOO 

• • •• •• •• •• •• •• •• •• •• •• •• •• •• ••» 

HrHr4r4i-IHHfHr4HHHrH r^Wl 



46. 



lO 

to 



10 



lO 
10 






lO 
10 

lO 



CD 

• 
01 
rH 
H 

•I CO 

• 

o 



^ 



Digitized by 



Google 



Digitized by 



Google 



47. 



• • •• 


0»OCDr^HO}r<-««f0^lOr-IHr-l 

lOOIHfHlOOOOOOOIOIOOO 

• •••••••••••••• 


IO 
H 

iH 

• 
10 
H 
H 

00 

• 

H 
iH 

• 

8 

H 

H 

a 

H 

• 

H 


or^r^-oooooor^oOflOflOr^^io 

OHr-IOOOOHHH0»0»<»H0} 


oo 
o 

H 


w 


• •• ••••••••••• 

lOlO^^lOlO^lOlOlOlOlOlO^^ 


flOCOOOO»00»00 000000020)00 
• •••••••• •••••• 

^lOlO^^lO^lOlOlOlOlO^lOlO 
Hr-IHiHHHHHH Hr-4r-4HHr-l 


0^ 

• 

10 

H 


^ 


HHfHHlDCDCOr-lr-iOCOCO^fO^ 
'*OIOIOHOOIOHHr^C^JO^OOO 


OCMCMOOOOCM02 0100000} 


H 
H 
H 


J" 


100. 9 i 
1 100.4 i 


; 100.9 i 
; 100.4 

: 99.9 


• 

§ 


P4 


34.5 i 
; 34. 


; 34.5 ; 
; 34 

: 34.5 


•9 
10 

• 

10 


<r 


c^^oir^r^'^toioior^fp^iooo 

O^^IO^^IOOIOHO^^OICMOI 


oi^^oioooor^H^iocor^ioHio 

HIOIOHHHHIOIOIOHHHIO^ 


•H 


r-l 


OlOlOl OlCOOkO^O^O^OCOOOO 
• •••••••••••••• 

0}0101IOCVIOIOI02CMCQCMO|IOCOIO 
HHHHrHHi-lfHrHr-lr-IHr-lr-lH 


OIO^OHOOHOOI CO^OOOIOOO 
• •••••••• •••••• 

O2O20aiOlOl0lOlO0l0202020202OI 
HHHHHrHHHiH r-i r-i H rH r-i ri 


0^ 

• 
02 
H 
H 

ID 

• 


• • •• 
r-i 


•• •• •• •• •• •• •• •• •• •• •• •• •• •• 

IOl0^^tf>tf>^^^^lOiOlOlOlO 


02iOiOOOIOIOOCOO»0<»00»<» 
lO^^lOlOlOlOlO'^^lOOHOeO^ 

• • •• •• •• ••.•t •• •• •• •• •• •• •• •• •• 

OI^OCOOCQ^^OOOOI^OOOQ 
lOlOlOtO^^^'^'^iOlOlOiOlOO 


1^ 


HHHHfHOICMWOICVUO 


• 


CQOICv20QCMO|O2O]O2O]O2CMO)CIC\;t 


O20202OIOI02020202 0IO202O202IO 



Digitized by 



Google 



Digitized by 



Google 



46. 



< 


OOOO€^02OOHOO28S 


o 


c2i O O CO CO w CO CO CO CO CO CO CO CO CO CO 


rirHririr-ir-iHw^Hr^rH 


H 

0» 


OHr-lOOOOOOOOOOOO 




JM 


0»OOO»O»COr-lrHC^COr<-OOO 


1 

o»r-coo»o»cOD*r>r^ ^*^*o«>OD-n> 


lOlO^lOlOlO^^lOlOlO^^^ 
HHfHHHHHHHHHHHrH 


iO 
H 
H 

• 
CD 
O 
H 

• 

10 

01 
01 

H 

0^ 
H 

H 

• 

10 
H 

2! 


COIOIOIOIOIOIOIOIOIOCOIOCOIOIO 


s 

i-l 


01 


HHOIOfOOlOlOHHr-llOlOlO 
Hi-iOHOIOI0002HHO»0»0> 
HHHrHHHHr-IHHi-i 


H 


^ 


99.9 \ 

! 99« 9 ; 
; 99.9 ; 


. 99.9 i 
1 99.9 i 


01 

• 
01 


J^ 


^ ^ ^ 

to to to 


10 10 


lO 


<r 


CQCaCaW^^r-4Hl0W0|iHr-4O 


CMOOOOOIOOOHOOOOO 

OOIO|Hr-4r-4rHiHflHflHHiHr-irHH 

• •••••••••••••• 


H 


fH 


• ••••••••••••• 

CQO20lO20202lOCQ0)CMCQO2020l 
HfHi-IHr-4HHr-«fHiHfHHHr-4 


o ^ o^ O^ O Oi o^ o^ o^ o^ o^ o* 

• •••••••••••••• 

0102010)0)0) 0)tO0}0llO02O2CQlO 
r-IHHHi-IHHrHHr-IHHr-IHH 
•Hr-4HHHHr-4HHHiHHHr-IH 


01 

• 

01 
ri 
H 

lO 


fH 


OlOOIlOO»00»OlOOCOlOlOH 
I0l0t0lp^i001t0^^l00l0l02 
HfHHHHHHHHHiHiHHH 


HlOr^HOICO^HlO^lOCOlOlOO) 
02lOlOOIO2O2OIO2OI020)OI02CMC^ 


J 


H H H H CM C^ 01 02 C^ CO 


CM^^COOOI^^COOOI^^COO 

eoioioio^^^^^ioioioioioo 

lOK^K^I^lOlOH^lOlOlOlOlOCOK^^ 


• 


w^ 


totoioioioioiocoioioioioioco 



Digitized by 



Google 



Digitized by 



Google 









W- 


^ 


999€C>0»0»000000000 

SSScooio>ooooooooo 


s 


(0C0«i-l«>-««>««>l0O««><0«> 

a><oa»o»o»o»o>a»o»o»ooo»oo 


(^ 


OOOOOOHrHiHHiHrHHHH 


lO 


OOOOOOOOOOHHOrHH 


w 


t^D-r-D-fOO'^lO^C^^'^'^lOlO 


r<-^or^i0^^^^r«^^ioo}toio 


lOlOfeOlOlOlOcOlOlOlOlOfeOlOlOlO 


ro 

H 
H 

• 
0» 

lO 
lO 

• 

• 
lO 

s 

H 

00 

• 
CM 
H 
H 

lO 

• 

CM 
H 

• 


lOlOlQlOlOCOlOlOlOeOIQlOlOfeOCO 
HHHHrHHHHHHHfHHHH 


10 
H 
H 


^~ 


I0l0l0l0r-4HOIO}CQOIO|HHC^C^ 

o^o»o^o»ooooooooooo 




• 


J^ 


99.4 i 
99«9 i 

1 i 


99.9 ; 
99.4 i 

99.4 ; 


• 
0^ 


P4 

H 


lO 

• 

to 10 


lO lO lO 


to 


r 


HO»OHeOCOCOO»OCOCOCDO^OO 

HOHHr-IHiHHOIiHr-IHHOICM 

• •••••••••••••• 


lOOlOHHHCMlOCMCM^CMHHlO 

r-IHHHHiHHHHHHHfHHH 

• •••••••••••••• 


01 
r-l 

H 


r-l 


• ••••••••••• 

IOOIIOIOC1020ICV202010I020202CM 
HiHHiHHHiHi-lrHHHHHfHr-l 


lOCMCMlOCMlOKOtOCMCMOICMCMCMCM 


CD 

• 

H 

• 

ID 
CM 
H 


H 


«>HlOfOOHHOIlOOiHOO)lOlO 

eacaqoiiotoioioioioioioioioio 


MOICMCMCMCMOICMOICMIOOIMMCM 
HHHi-IHHHiHrHHHHrHHr-4 


u 


Gai«fOCD002^«>COOOI^«>CDO 
O HHrHr-IHCaOICV20ICMlO 
•• •• •• •• •• •• •• •• •• •• •• •• •• •• •• 


Ol^fOCOOOl^OCOOCM^fOOOO 
K0l0l0l0^^^^^lOtf>tf>tf>tf)O 

•• •• •• •• #• •• •• •• •• •• •• •• •• •• •• 


• 

5 



Digitized by 



Google 



Digitized by 



Google 



50. 

•• •• •• •• 



-.01 






H to 



i-iCMHOO«r-r-c^D-r»r-i-iHfOO 

OOOOHOO»0»0^0^0»0»0^0»OIO^ 



HHfHOOOOOOOOHHfHH 



rHHHHHiHOOOOOOOOO 



feOiQ^^oiOfO«ioioioiQ^^r<-o r-coe^D-ioc^t-c^r^r-c^D-r^^io 



01 



tOlOlOlOlOtOlOlOlOlQlOlOlOlO 
HHrHHHHHHHHHHi-IH 
HHHHHHHHHHHHHi-l 



10 fcO 

H H 



lOtOtOtOlOlOtOlOlOlOlOlOtOlOlOlO 
HHHHHrHHHHHHr-IHfHH : 
HHHHfHHHHHHHHHHHH 



' i^f ** 



01 



0»O»a)O2^tf>lOiOiO0)H00lOHH 
GbO^OiO^OlOlO^OlO^O^OrHCaOlO 



Olio d H ^ O^ O^ 0» O^ 0» 0» 00 9 H O^ rH 

o ooooHOo»o»o»o»o»o»o^o o|o 

H HHHHHH H 



10^ 






eo 






eo 



eo 



€0 



|0) 

00 

0» 



to 



to 

10 



to 
to 



to 



to 



10 to 



C*-r»lOCMlOlOiOlOOI020lOeOOO 
HfHflHOOOOOOOHOIOIOI 






oooo^*^*ooo^o^«lOoOlOlOfO 

i-lrHHrHrHCVlrHrHrHHflHHr-IHrHOO 



Hr-lflHfHHi-iHHHHHHrHf-4rHH 



HHHHHfHrHHHHffHHflHHHm 

H 



lOOO^C^O^O^OOO^O^O^OOfO^OOOlO 



c^eo^^o^^o2«>«>^«o 



CQOIOIlOlOlOlOlOlOlOfeOlOlOtOlO 
H iH H H iH H rH H H rH H i-l H H H 



to 



lO^lOlOOICQOICQOIOlCQOIOIMOICVI 
HrHHHHHrHHHHHHHHHH 



OCO«>H02fHfOr-<00»QO«>iOO 
NOIOIHfHHr-lfHHOr-IC^lOlO 
HHHHHr-IHHHHfHHrHiH 






y 



N^oeoooi^fOooooi^fQeoo 

rH H H H rH Ca d 01 M O) 10 



«HeOD*fOiOOlOlOlOOHOIOO^OlO 
dHiHH^^lOlOlOlOlOlOlOOIlO • 
rHHHHr-lr-lrHrHfHHHHrHHHO> 

0) 



O^OOOOM^^COOOI^^OOO 
lOlOlOlO^^^^^lOlOlOiOlOO 



»• •# •• •• •• •• •• •• *• •• •« •♦ •• •• 

OlOiOlOlOlOlOlOtf>lOtf>iOlOiOlO 



< I0l0l0l0l0l0l0l0l0l0l0l0tf>l00^ 



Digitized by 



Google 



Digitized by 



Google 



51. 






nO}0 






ooooooooooooooo 



HOOOOOOOOrHrHHHHr-IH 



01 



Ar^o^toe^HoiHOOliooioiio 



lOiOlOOlOlOlO«r*r<-*^r<-^*r<-^* 



feOlO^tOlOlOlOlOlOlOlOlQtOtOlOtO 
HiHfHi-IHHr-IHrHHHHr-IHr-IH 
HHfHHHHHr-4HHHHr-lfH H|iH 



lOlOlOlOlOlOCOlOlOlOlOlOlOlOlOlO 
HHHr-lrHiHHi-liHHHHr-IHHH 
HHHHHHHHHHHHiHHrHH 



d 



(HO^oeOlQOOHO^CQ^eOCSOlCQCQ 






lO H^OIdOI^OICOOIlOOOO^iOO 



0» 

f 
00 

0» 






« 

o^ 



J8 



^ 
o^ 



to 



lO 



to 



lO 

01 
10 



lO 
10 



KO 

to 



lO 
10 



ID 
10 



10 



lO 
lO 



^ 



lOtOCDlOlOeOH^lOCOQOO^ 

H^HOlOco^•co^*oo^*ooo^OO» 



00 H 



IOK)ffHlOHO2fHlOCQdO2000p^•C^2 



c^o^ oooooooooo^oo^o^< 



02 

to 



rAr^rHrArir-ir^rAr-irirAr-irAr-irirH 



tf>«^OC^«O^^^^OIOIOI^O} ^^^'^^fO^^lO^^^^'^WiO 



dOllOlOtOlOlOlOlOtOtOtOtOlO 
HHHHHHHHHfHHHHflH 



lOlOlOlOlOlOlOlOcOlOlOlOlOlOlOlO 

HrHHHHHr-iHHHHHiHHiHH 

H H rH iH H H H r-i rH H 



10 10 
r-4H 



ioootf>$r:dtOfr:Oig»dr'Oi<^ 

N0il0O000^0»CD0^a)0i0»OO 



ro 
oo 



«>fO^«^Ol€CO^OI^lOlOO) C^IO) 
HHHHHHHHHa»fO00C0O»CO~ 



Hr-lr-IH HHHrHHHHHr-IHHr-iHHHH 



^ 



OI^«>COOOI^fDC0002^«>000 
rHHr-lf-4HOI02010l02lO 



0)^^C0O0l^«C0O02^OC0O 
I0t0l0l0^^^^^i0i0tf>l0l00 



£i|^0 ^^fO^^^fO^^^^^^ ^p4 O^O^^^^^^^^^^sO D*|<S 



Digitized by 



Google 



Digitized by 



Google 



62. 



• • •• 


DIOlOiP*We*OIOr-HOr^HHD-r^ 


t- 
^ 


l002r^r>-020l020»Or^020202C^CS 
iOO^^COr<-^00202^0»<^00>CD 


CD 


CMHHOJOlHHHHHHiHiHHOl 


ID 

• 
lO 
•H 
iH 

00 
lO 
H 

• 

02 

• 

CD 

10 

CD 

• 

• 
10 
H 
H 

* 

02 

C^ 
H 

5- 


HHi-<r-lrHH02 0202rH HHHHH 


H 


w 


c^r^ooi02c-r^r^'^r^r-«>D-ioc- 
• •••••••••••••• 

HfHHfHiHHHHHHHiHHHH 
HHHfHHHHHrHHHHHHH 


tf>a^^-^•^coeo^*cDo^o<^Hoo^ 
lotoioioioeoioiocoio^io^^co 


• 
to 

H 
r-4 


01 


t^ioo^r<-r^oioo»o 0».0 Ol r-l o^ o> 
o^^ooo^Oiooi^ioioioc^oior- 


OCOO^OOOOD-OC^OCDC^OC^C^ 
^OOoCD^lOO»0202iO<DO»iOCJ^r<- 
HHHrHr-IHH0202HHi-iHHrH 


02 

• 

H 


«" 


• • • • • 
lOOIlO 10 o 


• • 
Cl^ c^ 


• 
ID 


M*^ 


• • • • • 

o>^•p* e* CO 
lOlOfeO to to 


D- 10 

• • 

10 to 


5 

10 


<^ 


tooi^oJ5:Oico5.D.oi«coD.5.p- 
Hor^o^ooc^oico^o^oi^co^ 

WHHiHHHHHiHHrHiHHHH 


^-^•p*p*02H02CJi<^r•02^•02r•p* 
^cDc^<^r<-iooooioo^o»^c^o 

HHHHH02020202HHHHHH 


CD 

• 


H 


H«0}r-l«CQ02020)02^«>«fOO 
• •••••••••••••• 

lOlOlOlOIOlOlOlOtOIOlOOIOlOlW 


««>^^^^^^^C»uio>^02CD 
• •••••••••••••• 

0202COlOlOlOlOKOlOO2t0lOKOlOKO 


• 

to 

H 
H 


H 


cDcoc^cooio^coo^eo^e^ioooi 
OD-coooe^^c-^e^iooiooc^ 

CMHHOlWHHHHHHHrHOIH 


COOtOOlOOiOCJ^i0020lOtOCD02 
OOr-Or^'^002r-«COOiHP*OOl 
0202H02H02020202H0202r-l02H 




al 


DI^OCDO02^OC0O0I^OCDO 
H H H iH H 02 02 01 0} Oa 10 


02^^CDOCM^fOCD002^0CDO 
lOlOlOlO^^^^^lOlOiOiOlOO 


• 


D^r-c-t-r-c*-iikt^c*c*r*t-r^r-c- 


p*p*r-p*c^fi^r-p*c-fi^t-c*t-t^ao 



Digitized by 



Google 



Digitized by 



Google 



64. 



• • •• 

4* 


DICMr-IOlr:tf>Or-ICQOr-IO}0|e^O 
lOOfHO»(DiOlOHO»«fHr^r-0^ 


00 


HOIOlOr^OC^lOlOOI^^fHOIOItO 
HO»OlOCO<^OOOlOOOfHHOI«tOO^ 


HOIOIHfHOlOIOJfHHOIHiHCMOJ 


H 


CMfH02fHHO)OIHfHHO)CMOIHHH 


w 


(DfHO»(Dr-iH^o}e^a>a>a>o»r-ia> 


O30}o»cocooic^coe^o»o»oocoo»oo 


0^ 


lO^lOlO^^^^lOlOtOlOlO^lO 


'^ ^ ^ to lO 10 10 lO 10 10 to to to to to to 

H fHfHHfHfHHfHHfHfHfHHHfHH 
.J ■••■•••■•■•■••■ 


lO 




CO 

• 
> 

• 
o 

o 






^ 


or>ioa>r*or>o}(Do»ioo»or>r* 

HfHOIfHr-ICMC^CMfHfHCMfHHr-IOI 


oioor-oo»r-r^o»oo»ior>ooo} 
•-icoo»^e^€QO»e^^e^oo»oiio^ 

OlfHfHfHr-ICQHHHr-ICMfHCMfHO) 


o 
o» 

H 


^ 


0» 0» 0» 0» 
• • • • 

lo -^ 10 r- 
0^ o» o» o» 


o^ o» o» 

• • • 
01 01 H 

o» o» o» 


o» 




c^ H r> lo 
• • # • 

O O 01 01 
^ ^ 10 '^ 


r- r- OJ 

• • • 

CO 01 01 
10 10 to 


01 

• 

lO 


J^ 


0)0}r-r^O}«>«r^r^c^oif-ir^r^«> 
e^oooo^io^o»o»«>oc^c^a^io 


e^e^e^0l0i^r-ie^c^0}c^o«io«> 

0»0»0«>0^^0)iOlOO»OIOtOiOlO 


o 


HOI0101r-IO)0)fHfHr-l010}fHHOI 


CM 


HfHOJfHfHOIOJfHiHfHfHCMCMOICM 


01 


> 


^oao^oio^d^^^^o}^ ^O 


'^cM'^onooa'^'^^oa'^^^^cM 


lO 


(OlOO)0102lOlOlOlOtOlOlOlOlOlO 


to 

H 
H 

CO 

# 
lO 
H 
CQ 

• 


lOlOlOlOtOlOtOlOlOlOlOlOtOlOlO 


lO 
rH 
iH 

02 

• 


r4 


CQ^iOOOO^lOO^OlOOCQOCDiO 

flDtor-iooo2fHcaor^iocooif-ioi 
HOioioaoioioiwoafHoiHOJwoi 


fHOfHOOtOlOfHCQtOOIlOlOOltOOl 
fHOH«OlOfHO>e^CMfHHO)r-CO 
OlOICMiHOIOIOlHHCMOIOiOliHiH 


flme : 


o)^«cooo}^«ooooi^«>a>o 

CO CO CO CO CO CO CO 00 CO 00 00 CO CO CO CO 


02^«COOOI^«>C0002^tOOOO 
lOlOlOtO^'^^^'^iO^iOlOlOO 
♦♦ •• •• •• •• •• •• •• •• •• •• •• •• •• •• 

COCOOOCOGOCOOOCOOOOOOOCOOOCOO^ 


• 



Digitized by 



Google 



Digitized by 



Google 



54. 



• • •• 


oicD^fHc^o^oie^oiioc^e^iooi^ 
cOf-ioiHcoo»«ooioa»o»«>c^oi 


9 


SSSSSSSSSSS^S^ESS 


0» 


HOIOIOIiHiHf-IOIOIOIHi-IHf-IH 


00 


fHOJf-lf-liHf-IOIiHi-li-IOIOlOlHiH 


fH 


ei 


Oir-OIOiCOOIfHCOOO^CDO CDr* 


0»00a>000»0»00l0O»000IOHO» 


O^ 


HiHHiHiHi-liHiHr-IHHHiHHH 
HiHiHiHiHf-IHiHHHiHiHr-liHf-l 


H 

• 

s 

01 

n 


>*l0*0l0*0*0W«O'*t0lO'#'*'#t0 


to 


*" 


o*oiooaa>a>o>r**r**or**5c^c^r** 

C^f-IO)fH(D(DiOO^O»OIO»<DiO«C» 
HOIOlOlHiHHiHiHOIfHiHHfHiH 


0>iOOOOa>(Dr>(DCI»(DC>lOO)(»CD 
(DO<DiO00a>0|0>tf><D0»OHr-00 
•HCMr-lf-liHf-IMi-tHiHi-IOIOIiHiH 


O 


^ 


c^ 0» 0» 0» 
# • • • 

«> '^ ^ ^ 
01 o» o» c» 


i 94.9 • 

: 95.9 
i 95.9 


lO 

• 
lO 
0» 




O 0} 01 lO 

# # • • 

H O O 01 

^ ^ ^ ^ 


; 40.2 

i 42.1 
: 40.2 . 


s 

• 

o 


^ 


CM 01 H « 01 W 01 r- £• rH w w wr; w 


Okf-IOktfXIkr-l'^Or-OOkriOIOeB 


s 




HOIOaOlf-liHiHHfHOlHiHf-li-li-l 


s 

H 

s 

01 

• 


f-IOIfHHfH01020}H01fH010102H 


01 


> 


0) to ^ ^ ^ ^ 02 ^ lO ^ C» 01 ^0) «> 
• •••••••••••••• 

WlOlOtOlOlOtOlOlOlOOHOlOWW 


^'^'^0101^ '^^'^^OllO'^fO 
• ••••# •••••••• 

lOlOlOlOlOlOlOlOlOlOlOlOlOlOlO 


10 

• 
•0 
fH 
fH 


rH 


CMOOOOH^OOOlO^OIr-llOCSOO 
9» fH H H 0^ O 00 fH O 02 H O €00 O 
H 01 01 01 iH 01 iH OJ OJ OJ 01 OJ iHOI Ci 


OlfHtOlOOO^lOOOC^iHlOlOtOO 
0»HO»C^OOIOOOOOHHOIO»0 
HHfHHOIOlOIOIfHfHOIOlOdfHO} 




Li 


M^O<000)^«>aiOO}^«><DO 

fHiHHi-ii-ioaoioioaojio 

•• •• •• •• •• •• •• •• •• •• •• •• •• •• •• 


0}<^«>0000l<^«>00001<^«000 
lOlOlOlO^^^^^lOlOlOlOlO •• 

•» •• •• »« •• •• •• •• •• •• •• •• •• •• ^j 


• 



Digitized by 



Google 



Digitized by 



Google 



55. 



4^ 


OOiO'^Of-i<no^ioo»«or-o 


• • 


O02OOHloo^:O^*oolO^*02 
iooo2f-ftf-i««<D^a>^iooa>oi 


CD 
1-4 


CQOlCMCIdCQf-ICQOlCMfHr-ICMfHCM 


N 


02020202020202fH02iH020202iHH 


02 


w 


*iH H«0»O<^0llOC^a>fHOO 


SO CIO»<» HCOOkHO) OIH « 


<P 


KO^^^lOtO^lOlOlOlOlO^^^ 


10 
1-4 


'^^lOlO^'^tOIO'^'^'^^'^Ji'^lO 


lO 




rl •«*iii*iii*iiiiiii*i*iii r-i ■ • r-1 


rl 


^ 


ior^oioiocMa>r^iocMr^d»r^<nio 

OO^CQIOOHOOO^IO^O^IOOI^O 
CQHCQO}0}C2HfHCQCv2fHHHfHCQ 


lO 

• 

o 

02 


e^lO02iO02Cl02<Dc^C9c^C^iO0»a> 
02OfHOr-I^^C00iC90202Oe»a) 
CM020202020202fHCMr-l020202iHH 


• 
r-4 
H 
02 


pp 


0^ * 0» O^ 

• • ♦ 

^00 CD 

0» 0^ i^ 


• 

0» 


0^ ^ 0» 

• • • 

r- tt lo 


• 
0» 


M^ 


CM lO 

• • • 
O lO 10 

** ^ ^ 


02 

♦ 
02 


• • • 

02 02 10 


• 
02 


^ 


Of-IHCMOf-lC^H«^O^lOOr^OI 


oo 
o 


r^02«^•^•^o^oc-•^^•«fH02^•02 
020HO^O^^OlOC^02020»Oi<n 


a 


NOlOlOlMCIHOICMMHiHCMiHOI 


02 


020202fHC^02020202fH0202HfHH 


02 


fH 


0) 0} 0» •« 01 •« •« ^ 0) 01 "» '♦"♦W 
lOlOCQlOlOlOlOlOlOlOIOlOlOlOlO 


to ^^«>02O02'^^02'^iO«><^^02 
# ••••••••••••••• 

to lOlOlOlO tOlOlOlOlOlOlOlOlOtOlO 
iH H H HfHfH H rH rH fH H iH H H H rH 
H HiHiHf-liHrHiHiHHHiHfHiHHH 


• 
10 
H 




HiO^OIlOHGOr-IO^O^^lOOIr-l 
rHiHCIOliHHOH^lOOIlOOi^H 
02CM0ICMCM0J0l0J0l0JCMiH0Ii-l0a 


OO 

• 

o; 

H 
02 


0»09HHfHlOr-0»OtOfH rf iH tO r* 
02fH02H02^0020l002 r*0 ^ O 
020202020202020202020202020202 

02'^^003002^«>00002'^tOOO 
lOlOlOlO^^^^^iOlOiOiOiOO 

O O O O O O O O O O O O O O H 


^ 


y 


cM^«a>ocM^«a)ooi^«ooo 

fH H rH H fH 02 02 01 01 01 lO 

ooooooooooooooo 

Hi-IHHfHHHiHrHiHHiHrHHr-l 




■ • 



Digitized by 



Google 



Digitized by 



Google 



56. 



• • •• 

4" 


>«HHr-ll0CI^CQSa>«OOO 


• • 

^3 


c^oirrHHoio^GOr^oi^ioe^e^io 

0»r-GOHfHOIOr-IGOC$f-llOOGOO) 


o 


r-IOICQCMCMO}02CMCMfHr-lfHCv2CMOI 


CM HHHOICMfHCQCM iHOICMCMO} H 01 


0) 


e» 


r^cD«o^€QCDr*o»o»cor*o»f-ir*cD 


01 cooor^o^o>o^r-o»o)02fHr^o^ GOO) 


0^ 


loioioio^ioioioioioioio^ioio 


to lOlOlOlOlOlOlOlO^^^lOlOtO^ 
iH Hr-IHfHfHfHrHiHfHfHHfHfH r-l iH 

JT-I »i| r-i *— 1 r-i M-k Mwi M-t m-% r4 j 1 j-J _r J J 1 i -| 


10 

^4 




^H ^^ iiiiiifi i^ iifiiifiii r'l r'l r^ ^^ 

«« .. .. .. .. •• mm, mm .. mm .. .^ •• .. ^^ ^^ 


r^ 


^ 


O^OCQOIOIC^OIOOC^COC^IOIOIO 
C^iOHiHHOIr-llO 01 >• CO « O O O 
HCMCMCMCMWOaOIWi-IHi-IOJCMOl 


» 

s 


G00»G0lOlOG0lOOG0OlOr>lOG0O 
G0r^G0OOG0O0)G00)O0}OG0CQ 
HiHiHOlCiiHOlOlfHCMOIOJOIr-ICa 


s 

01 


nf 


^ 0» 0^ 

• • • 
^ lO . lO 
0» 0^ 0» 


# 
ID 

0» 


: 94.9 ; 
I 94.4 

\ 92.4 ; 


• 
10 


hT 


\ 41.6 i 
: 4ia i 


• 

o 


01 1-4 « r- 
. • . • 

0^ fH O GO 
to '^ ^ 10 


0» 

• 

lO 


^ 


^^lOf-ICv2f-IHr-lc3oiO»OlOO^O»0^ 


o 


oic^oicac^c^o)iocMe^iOHO)o)« 
o»^r*Hor*o»fHcoo^o)o^r*io 


GO 


HOIOldOIOJOJOIWiHOJHiHr-IH 


01 fHiHiHOIOliHrHOIHOJOIOIfHfHOl 


fH 


f-l 


^•HOlOOlCQHOIOOItOOCMO}^ 

toioonoioioioioioioioioioioio 


• 
lO 


Ol'^ 0)0^<»0}COO}^O^OI^^ 
I0l0l0l0l0l00)l00}t0l00ll0l0l0 


iH 

10 
r-l 








iH 


OHiOHOOO^C^OICDCQHCDHfHr^ 


ID 

• 

H 
N 


,^ .^^ -^ -^ ^^ ^- ,^ -^ -^ ^, ,^ ,^ ^^ 

Q^-to•-lf-iQlOGOOGOo>c^f-lo2f-l 

OGOOHO)OOHOiHO)OIHO>0) 
0)fHCMO)CMOIO2O2O)O)0)O)O2r-IO2 

ioioioio^^^^^iniotf>ioioo 
•• •• •• •♦ •• •• •• •• •• •• •• •• •• •• •• 

•HHHr-lr-lfHfHHHHi-4r-lr-lr-lfH 


. 

o 

02 


^1 


0|^^COOOI^«00000)^«>COO 
rHHHi-lrHOJCMOIOIOllO 








i 


k 



Digitized by 



Google 



Digitized by 



Google 



4* 



OOO^lOOGOOOIlOtoailO^CDOOO 



CM 
O 



A7- 



r^f-icoiooocMO^co(Do^r-ir>r^ooo» 



HHCMCQHCMC^CQCMfHfHOIHHCMCM HCQiHOlOICQCMfHr-IHfHOIfHr-lfHfH 



01 



oOfH o»o^r^o»o)<no»r^ 



e»r*i^c>»r*r*oio»o^o»r*r*o»<^r> 



^lO^^lOlOtOlO'^tOlOlO'^lO^tO lOlOlOlOlOtO^lOlOlOlOtOlOlOlOlO 



ID 



01 



cDr*r*ioa>io^r*oioo^r*<Do> 
cDo»09oa>oo}oir-io>r-o<Do» 

HHCQOIHOI010)02HfH02f-IH 



lOlO 

oo 

0101 



0»0€00}OOOIO»€0(DOflDr>«r>0^ 
•HOlHOIOIOIOdfHfHHOliHHHHH 



lO 






C^ (^ C^ C^ <^ <^ <^ O^fOI 
• ••*••• 

o» r> lo lo « !• ^ ^to 






0» 



CD 

0» 



<^ o> c^ 

• • • 

o^ o^ o^ 



i^<noio»|oi 

01 01 01 01 ho 
O^ O C^ O^ 0^ 






01 

to 



'^lO«««>i-4««lO 



to 



>0}« 



^^^^^^^'^'^ 



lO lo (^ «ior>c^r^oiC9' 

• • • #•••••• 

02 01 10 HOIOOICOO^OI 

"^ "^ ^ '^^^lOlOlOlO 



H 



r^iooic^02ioooif-iOi-40lr- 

O^HOOi^r><^lOHiH<nCMr-IO 



OIO 



o»f-ir*««fHOO}Oir^o>r^^O}r-oi 

OlOOlOOIOI<!#HOOii^OCOe^(DO 



HfHOIfHfHr-IOI02OIOlfHO2O2O2O10} 0102020IO}OI020^02fHHOIfHr-lfHOI 



01 ^c^^<oa^t^oa^ooooo^ ooc^a>r^a>o^«o» r>«o»oooi 



lOlOlOlOlOOlrHr-IOliHOIOlrHfHOI 



M HfHfHf-lr-lfHHHOIrHHr-1101002 



02 



DllOHlOlOlO««lOa>H(^(^r-IOIOO 
Oir-l0200i-4tOlOO}i-4H020C^IOH 

HOIO2O2O202O2O2O2O1O2O202CQ0} 



^HtptOCaHr^^HlOfHC^C^^Q 



lO 



HOIH-^tOOHOHiHOHOOO. 
^ 0IOIOI0ICI0)O202O2O2O2C^r-lr-l OllH 

01 



o)i#«a>ooi^«>a>oo)^to<Do 

'^ r-lfHr-IHHOI02020201lO 



02'^«aiO0l*^«>fl0O0l<^«0<DO 
lOlOlOlO^'^^'^^lOlOlOlOlOO 



Ht 02 Ol 02 01 01 02 02 02 Ca 01 0) 02 O) 02 01 
KIHh rH r-f H H fH H iH iH H iH H r-l 1-4 1-4 



02> 



O2Ca0iO2O202O2020IO2OIO20)02iH> 
HHHHiHiHHfHHiHHiHHiH p! 



Digitized by 



Google 



Digitized by 



Google 



A^, 



^ 






too 



O GOoor-GOr-iio coco 



fOCOOfHOOM^^O^ 



Hr-liHOlfHCMi-ICMOJOli-IHr-IOJOl 



CM f-liHiHiHCMOIrHr-lfHfH03CMHr4fH 



01 



ioe^e^c^c^o}o}oir-ia><»a>oio>cD coo^doic^CMe^cooioif-ic^oicMOiio 



K)lOlOlOtOlO^'^lO^IOlOlOO»tOlO lOlOlOtOCMlOOICMlOlOlOOIlOlOlO 



10 



0} 



iO00^O<0O0»r4CMO^C^^O 
Hi-4HCMiH0li-ICM0ICv|iHiHH0l 



CD 
CMIO -:r^- .- 
OIH 



HHH0ICIr-IHi-4CM0ICMfHr-l 



•HH 



O^O^CP^O^CP^CP^CP^CP^O^O^CP^O^CP^OIO^ 



0^0^0^<»0»0^0»0»0^<»0»i«lOtf> 






09 lO 



lO 
0» 



lOCMOiOOI^CI^lOr^OIIQtO^ 
0^CP^<^O^(^O^CP^(^0^CP^O^O^O^0l 



«>CM«^*^*««^CMOlOlOl«o}^^ o r^HOi^r^HOHr-iior-c^c^ 



OOfHO»<nOOvHOOOOr-IC» 



'^^ 



0»OlOfHa)00>OfHO|00<»0^ 



^r 



ooo»o»o2C9ocooHHi^a^r^f-i 



lOCM CMC^OIC^OI 



c^oic^oi^oi^oioiCQe^otoir: 

00r*a>Ol0€0O^€0OO0»€0CD 



HrHfHOHOIiHCMOlCMHr-IHOICICM iHiHHiHCMOlHr-liHHCMOIiHf-liH 



o*OOr-c^o^O^««'^^r^'^ano ^'^•^'^Hi-I'^'^HiH'^'^'^'^^io 



CMIOIOOOICMIOOIOOICMOIOIOIOIOI OIOOICMOOOICMOICQCMCMCQOCM 



01 



HHiHrHiHrHiHi-IHiHHHHi-IHH rHHiHiHiHrHHrHrHiHiHiHrHrHrHiH 



lO 



CMr-OiOQHOlOlOHlO«>lOlO ibho 
0>OOiHOHOi-lr-IOlOC>OOH i-4|0 



ioioo}r^r^o>o2ioo2oa>f-io^o}(n 

OPO^OOCQO»CpO»OfHfHO«0»(^ 



HOIOl020)010}OI01020|r-lr-IOI010l OIOIfHO)OIOIfHr-lfH0202030IHi-4 



§01 



mi 



^lOCOOCa^^COOOI'^^CDO 
fHHf-lr-IH0)O2OIO)OllO 



oi<^«>GOoo}*^«>a>oo}'^^a)o 

lOlOlOlO'^^^^^IOlOlOlDtf^O 



IHrHHiHHr-IHr-IHiHHHHiH 



•< iH HiHiHr-liHiHiHiHr-lr-f iHiHr-t OJ 



^ 



Digitized by 



Google 



Digitized by 



Google 



^ 



O^CQHOIO^COr-l^e^a^O 






rHO«0^r-l02iHlOOOfHHH 



.??.. 



IS 



WOaCMCMOiiHiHOIOlCMiHOaiHOaCM 



01 020}HfHCQCMCMCM 02CM0202CM02H 



^ 



t^c^c^^t^t^t^t^t^^t^c^t^oo^t^ oir-oir- 



CQCMOiCQ 



lOIOtOlOtOlOlOlOlOlOlOlOlO^ 
HiHiHiHiHiHi-lrHi-lfHiHHiHH 



^lO 



rHfHiHiHrHfHfHrHr-lrHrHr-lrHr-lfH 



«,« 



D-r-Hior^r^iooio}e^a>io<nioo 

0»01IOOOIO^O»H<^IO(DO«OOCM 
HCiOICMCQfHfHCMOICMHOlrHCMCM 



lO 



W 



lOr-l<^e^Oia)02lOCM02CDiOO)0<X) 
OOr-Oi-liHiHlOiHfHHOHOCO 
OICMfHHO}020202 02020102 0202 iH 



02 



J- 



^o»^o»o»o»o^o^<^^<no»<n<n^io <n0^o»o^o»io0»o^<no»<no»o^o^<^ 






CO lO 






r*io«or*r^c>»r^fHfH€QH02ioioco ^r*r-ifHio«ioOior>oio«>«^ 






02 



0»000}0><n<n0^fHHOfH002lO 



O Hi^HiH O1HO2 to 020^0202 H OOV 



e*-«lO^*^-02^*02lOO^•«^*«>< 
o^toiooo^r-ia)r-i«r-r-ior*fHi 



«|t^ e^^•^•^•^•02tHH02^•Htoo2P*^- 

O a» <D O^ O H 02 10 H O 02 H H 0» O 



o 



r-IO2O2O2HO2HO202O2iHO2iHO2O2 02 O2HiHiHO2O20202O2O2020202H02 02 



^fO<Pt^^^^a)^^<p<oai^'^ 



10 «l^-o^olo^ oo»o» <no^ 00^ CO <»<n 



02020202020)020202020202020202 

HiHrHiHiHiHrHiHHrHfHiHiHiHiH 



02 



020202IO02IOO2020202IO02020IO2 
rHiHiHfHfHHHrHrHHHrHrHfHiH 



02 



eaHCOCOO»02fHtOa>r>lD02fHf-l 
,wl002i-IHOO>02^«OfHi^0202 
0202O2O20202iHO20202O2O2iHO2O2 



02 
CO 



^•r^coo^^^o^Or^o>p*^o^lOt*p* 
OOC^OOi-IH02 02OHOHOO 
02 02O2rH0202O2O2 02 02020202020202 



CO 
O 
02 



8^ 



•^iOC0002^to00002^«>COO 
,fHHr-lrHfHOI02020202lO 



0|<^«00O02^«a)O02^^C0O 
• 10101010^^^^*^10101010100 



02O2O202O2OIO2O2CQO2O202O202 CQf< 02020202020202020ICQ02020202 lO|*< 



Digitized by 



Google 



Digitized by 



Google 



CQi-40lOr^O}«OI««CMO«>lO . 
00}tf>^0»<ni-40fHHO^r-IIOO 



01 «> 



60. 



00»lOCQOHHHr-l^^fHCQOCO 



>" 



CQCQO2O2HHC2O2CQCN2CM0ICQ0)O2 



CM CMHCMCMOCMCMCMCMCMCMCMCMCM iH 



e^e^HHf-ir-tfHfHfHiHHuCOir^O} 



r-r^CMooDr^r-r-r-cnr-r-o^oi^ 



01 



01 



HiHiHiHH 



r-IHiHHHHrHHiHi-lrH 



HrHHr-trHrHrHfHiHHr-liHrHfHH 



01 



J- 






c^e^ioior-a>o2ioo)«r*ior>co 

r-lfHO}OlfHf-IO]OI0102fH01H01 



01 

COO 
GOO 
iH02 



cor>oioioioioe^ioor*ooioioo» 

a)CDr-IO^O»0»O^O^OOIO}rHOO»0 
HfH02r-IHHHrHOIOI020302iHH 



CO 



0^ O^ 0} O^ '^ o^ 0» 

oiooie^e^ too 
0^ O^ O 0^ o^ o^ o^ 



lO O^O^O^OkO^O^^O^CP^O^O^O^O^O^ o^ 









OOOOHfHi-IOJOHOtO'^^lOlO 

oocoo»o^a^a^o»<n<no2o»o^o»o^o^ 



01 
01 



«>«<^IO«OI« 
• •••••• 

r40^lOr-IOiH 



lOlOlOlOlO 



o 



«>0I 



02OlO1020l0202lOlOlO^l0lOl0t0 



OJ 



Hr-io«oir**r**r-oior**Hoir-« 

MOllOO|iHCOOO^OfHO»OIHOI 



OlO 



r-C^iH«iHOaC^r-iHrHOiHiOOr" 
<no^O}fH020000)Ole^02^iHO^ 



OlrHOJOaOlHOIHOaOliHCMOIOlOIOJ HHOlO20)OIO2O3O2OlO]CMCMOlfH 



Ol 



oio^o»o^o»f-io^o»r>oioo»flOr*f-ic» <n(^o^e^o^o»^o»o»^fH^o»o»<n 



^OIOI0301lOOI020llOlOOI0201 
•HiHf-IHrHiHHrHrHiHiHHrH 



10 01 



liHHiHr-IHfHHf-liHiHiHHfHiHH 



010]0102020l0201rHCMlOl001tOH 
HiHHiHrHHrHrHHi-liHHr-liHiH 
HHHiHr-IHfHf-lfHr-IHiHrHHrH 



01 
rH 



lO 



c^r-oiHOloiior^HcoiooooiD 

OOlOCMOIO^HOOIHOlOOl^fH 
OlOlO)OlHr-IOlOl020J020)OJ0202 



02 



I0l00^r-Il0l0r-Il0 0l0l0r>l00^l0 0» 
HHOlOJHiHOIi-HOlOC^^^CMi-IOI 
020202020202020201 0102020^ 0202 CM 



a 02 



EIhk> 



^U>C0O02'^O00O02'^O00O 
fHfHr-fHfH0202020202lO 



lOlOlOlOlOlOlOlOlOlOlOlOlOlO 



!f fe 



02^1000002*^0(0 002*^000 
tOtOlOlO^^^^^lOlOtOlOlOO 



lOlOtOtOlOlOlOlOlOlOlOlOlOlO^ 



^ 



Digitized by 



Google 



Digitized by 



Google 



• • •• 


lOO^COlOOOIHlOlOfHlO^COCI 
0}«^00»IOOCMOIHO»HOI^<^ 




•• •• •• •• •• •• •• •• •• •• •• •• •• r« tf% 

QlOCOOD- OCOtO'^O^OklO'^lOO) 
SHHOlOO)OOOIfHlOCMD-D-0» 


o 


CMCJOJCMiHCMCMOICMCMHCMiHCMCM 


OJ 

<p 


HCMCMCJCMCMCMOJCMCMCMCMiHHH 


02 


01 


COCM lOOfHOICMC-D-00> C^« 


IOO»IOIOHCM<^OD-D-0»C^CMD-0» 


o> 


•HiHiHHHHiHHiHHHHHHH 


XT 
H 
H 

• 
10 

lO 


D-C^lOiOlOlO^OlO^^^I!»lOlOtf) 
»HHHHH»HH»H»HH»HrHHH»HrH 


^ 


OlOOlOKX)OD-0»HO>D-OD-tOlO 
CMOJCMiHiHCMHOJOJHiHCMHOJCM 


CO 

C^fHtOO^O^H^OICOlO^lOOCOlOlO 
U)OOiU)«HOCOCOHOllOO^COOlO 
rHCMH»HCM0JHrH0Ji-ICM0J»H»H02»H 


* 


O^O^OkO^OkOkOkOkOkOkO^OkOkOkO^ 


a^a^a^a^a^a^a^a^a^a^^o^a^a^a^ 


CJ 




Ok 

B 

CO 

ni 
OJ 


't!l»'*CMCQ^lO^'t!l»CMtO'^lOCMC0« 
0>OIO»0^0»O^OIO^OIOIOO>0>0>0 


lO 


^ 


lOxJ^iOlOlOlOlOlOlOlOOIWCQtOlO 


*i;P<i;ti|OiO^^^^OOOOOC0CM 
tOlOCQCQtOlOtOtOlOtOlOtOlOlOO^ 


• 
to 


-?» 


•• #• •• •• •• •• •• •• •• •• •• •• •• •• •• 

^lO^OiC^CMO^HCMHOiOCOlO^ 
• •••••••••••••• 

CMCMCMiHHCMHOJCMCQrHCMHCMCM 


e^OHC^CQHHOOCQ'^OJD-lOO> 
• •••••••••••••• 

•HCMCQHCQCMCMCMOIOJOiCMrHHiH 


OJ 


01 


• 


OI0^^5|i5|i^5|i5|iO>^^^^0»^ 


to 


€QiHiHlO^OlO*<!t>CMl0^lOHO)CM 
HHrHHrHrHiHHiHrHrHHrHrHrH 


o 

10: 
0) 

• 

5 


^002IOCQ02*««OI^IO*««>CMIO 
HHHHHfHr-lr-IHHHfHrHfHr-l 
HrHHrHrHrHr-lrHrHfHrHrHfHfHH 


r-l 

CO 

• 

CM 


^ 


K)lOlO02Hl0H0)l0CM«H0|iH^l0 
W01CMCMCMCMCM0J0J0J0JCM0J02CM 


D-0»fHlO0»HHr-lfH0^C00^Ol0l0 
OCMOIrHdCQOICMCQOIiOCQO^OD- 
CQCJCMOiCMCMCMOJCJOJCMCQCMHrl 


u 


HiHHHrHCMCMOlOlWlO 


CM*i;P«C0OCM*«OC0O0)*«OC0O 
I0t0t0l0^xj«xj«^^l0l0i0i0l00 


• 




^^^^^^'^^^^^^^^lO 



Digitized by 



Google 



Digitized by 



Google 



62. 



• • •• 


qilO0>H^9l0l002HiQlO00lOO 
HCM*«COHOiHlOlOO>COOlOOIOI 




lOCO^CMOOCMCQCO^D-OlOrHlO 
CMOHlOlOO««00>HO>0»0^«H 


10 

CM 


CMCMOJiHCMOJOlCMOiHHHOJCMCM 


0) 


CMCMCMCMCMCMCMCMCMiHCMHHHCM 


CM 


(? 


0* lO O^O^CMfH OHOO> OJCM 


H«OCDOHO>D-H lOlOCM 


oa 


HiHHi-IHHHfHHTrl^HHi-lrHi-l 


H 
H 

• 

o 

lO 


iHHiHHrHHrHrH HHiHH HrHrH 




^ 


O^CMCMCDHO>OCMO|OOCDO>OOIO 
HOlCMHOJHOJOJCMiHHi-ICMWOi 


^OlO^(»lOHlO«>SCM^iHD-CM 
CMOO»CMCMiO^OOCDHO>COa)rH 
CMCMiHCMCMCMCMCMCMHOJHHiHCM 


O 

CM 


^ 


0»00»0»0»OkO»0»0»OlOIOIOkO>0> 


Oi{P{PO>OiO>o^<y^<y^^Oi0^o^o^o^ 


CM 


OfHHOOOOHOOOOOOO 


o 

H 

CO 

• 

K> 

CD 
O 


ooooooooooooooo 

HHiHHHHHi-li-liHrHrHrHHrH 


o 




OICMOIiiOlOC^OOD-OICMD-OiO 

• •••••••••••••• 

O^COGOiOOOO^fHOCDOOO^HCM 


lOOlO^O^OlO^CMHOrmOrH 
• •••••••••••••• 

CMlOCMlO'^lOlOCMHOCMHCMCMCM 


CM 


rT 


CMCMOJD-OjOkO^OlD-C^O^OCQCM 


Hc-c-ioioiaior-D-D-D-c^c^cMc^ 
cMO^Oio^io^Oo^c^o^coe^-c^o 


00 
o 


CMCMCMHOiHCMCMCMiHHHOiCJCM 


CN2 


CMrHCMCMCMCMCMCMHiHrHiHfHHH 


CM 


H 


0>OKIk^^^^^O>O>O>^xJ«^xJ« 


^^^^OKIk^^^^^^^^O^ 


rH 


OlCMOIlOlOlOlOlOOJOJOHOtOlOlO 
HHiHiHHiHHHHiHiHiHiHHH 


to 

H 

CM 

• 
CD 
O 
CM 

• 

5 


r-irHrHrHHr-lrHrHrH«H«HrHrHr-IH 




iT 


OOOC--iHOfHOJCM<^OkOOCMOi 
WWOJiHCMCMCMCMOaHiHCMOJCMCM 


lOiOiO^lOD-lOD-D-CMiOCMOOiO 
^»H»Hl0^^xJ«OO0IH0>OOrH 
CMCMCMCMCMCMCMCMCMHCMiHCMCMCM 


00 

CM 


g| 


CQ^«>a)OCM^^C0O02^«>00O 
HHHfHiHCQCMCQCQOIlO 


CM^OGOOCM^^COOCM^^COO 


• 


lOOlOlOlOlOlOlOlOlOlOlOlOlOlO 


lOlOlOlOlOlOlOlOlOlOlOlOlOlDO 



Digitized by 



Google 



'Digitized by 



Google 



,^9. 



lOCN2r-ilOO^lO«tf>rHOOOr-l lOlCX) 



O 0» Q lO O O lO O O lO lO lO O GO 0) 
KO ^lOCOO^ OOOlO C^C^^O O H O H 



s 



CV}CMCMOICMOIOI020ICM02020IOIO)M 010)0202010)02 02O2O2lOlOlOlOlO02 



«H O^C^C^OIOklOlOC^C0O> Ok H 0> H H O^ O^ ^ O ^ lO lO lO C^ ^ 00 



t." 



H »H H iH »H r-i iH r-i »H »H »H H H iH 
r-IHH»H»H»HiH»Hr-l»HrHHrHi-l 



H rH H rH »H H rH »H »H »H H iH »H rH 1-1 »H 
iHliH r-ir^rHnir^r-\ r^ f-i r^ r^ r-i rH ni ni ni 



s." 



iO02OiOD-l0HiOOlOO00^02 

Or^0200>0^t0^0^00002H^ 

0202O2O2HHO202O202O202O2O2 02|02 0202020202020202020202020202 02iO2 



1 10 CD 



0>0>OOr-^lOC*D-OrH0202C-0> 
IOIOIOI00202^U>^02C^IOIOOO 



^ 

^ 



0kOkO>OkOk(|k(|kOkO^OkOOk(|kO>CD (|l(|IOkOkOkO^^<^0>OkO>0>0>0^0^02 



oior»u>ioiocDioc^oooookO 

OOOOOOOOOOOOOrH 



f-iO 



HH»H»H»HH»Hr-l»Hi-lrH»H»H»HrHH 



r-OkO2O2C000Ol OOOO^fHr-IO>OkOO 
OOrHiHOOOOOrHrHiHOOO 
fHHiHrHHHHiHrHiHiHHiHrHrH 






0^^0>0>^0»^^0»0>OkO>^C^ 



OOOOCDCO^^^^^C^^fH 



02IO^IOIOIO^IO^IOIO^^IO 



CO P- 



OlO^OlOlOlOlOlOC^rH02lOl002 



00 



t^02rH«H02lOlO02«t^02^^O 
0»H0202rHlOlOl0020>0»HH^^ 



OO OOOOC^000202^^H^r^OO 



02 10021000^02 ^^IO»H02»H»HH 02 



020202020202020202H0202020202 



02 02020202020202 0202 fH02 02 020202 02 



^'^M>u>o>o>r»«HO»^D-o»o^o^ 



^^^^OD-iOO>C^^^02^'^^ 



^^^^^^^oioooooc^c^o c^r-t^r-ioioioioiooor»c^r»c^ c^|t^ 

H iH »H f-i H rH »H rH rH H »H H rH iH H rH 
iHrH»H»HrH»HH»HrHH»HrHrHH »H|rH 



rHiHiHHHrHrHrHHrHHHiHiHiH 
»H»H»HrH»HrHfHH»HrH»HrHHfHr-H 



r-l 



0«HIOC»U>IOOOO«HHOO>C^«H 
HO2'^02l0^^t0020202t002^iO 
020J0l02020202O2O2O2OJO2O20J-^^ 



02 

lO 

02 02 



lO^M»02O><Ol0t^t^l0U>»Hr-lt^rH 

omooo2io^ioioc^ioioio^io^ 

02020202020202 0202«H0202020202 02 



Sim 



02 M>0 CO 002^0 €0002^0000 
fHr-<»HiHH02020J0202lO 



I to O O O to U3 O 50lU> 0^50 



fe 



02^^00002^000002^^000 
tOtOlOtO^^^'^^lOiOlOiOiOO 



no %Q fQ %Q %0 iO OO'O 50 o o o o r^ 



^ 



Digitized by 



Google 



Digitized by 



Google 



J^ 



ooooaoHOoicQoit^ooioio 
oocoooo^o^o^o^o^o^oioooo 



o o^ 



64. 



OOOOHOOOOOOOOOOO 



D10ICM0202CM02CV2020)IOIOIOIOIOD2 lOlOlOlOlOlOlOlOlOlOlOlOlOlOCM 



10 



01 



P^C- 



«H02rHOiO>0)CMOID2^CMO) 



CQfHO^O^O^O^ HHOOOOlOOir* 



D-GQCOCOCOd-C^OOOOOOCOCOCOOO 
iH f-i »H »H rH H »H rH iH rH »H »H H rH 
rH rH »H H H »H rH »H »H f 



I rH iHrH H 



CO CO GO r-r- r- 00 CO 00 GOc*-c*-^ CO CO c*- 

iHlrH HiHHrHiHiHfHiHrHiHiHrHiHiHrH 
»HHHfH»HHrHrHHrH»H»H»HH»H 



CO 



CM 



lOlOOOCOCOO^CQCMlOlO^^COCM 
DIOIOICM0202CV2CMOICMCMCV20IOIO) 



• 
lO 
lO 
CM 



CMiOC^^lOO^r»r»«9lOCMCMH ^ 
O^^^^^^^^^^^OOCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



0»0>r-I^CM0»^^CM0^0>50^^0» 



ch'^^c*a^cha^<p<paic^^c*<PH 



oocoo^coood-oocococooooooo^ D-ho 
ooooooooooooooo 

HHHiHiHrHiHiHHiHiHHHiH H|iH 



OOOOOOOOOOOOOOO 



CM 



lO 

o 



HHf-HOHO*rH»HfH»HOOHO lO 



H«H HOO>0»tOlOr-ICM«>0 



CMHfHHHOiHHiHCMHHCMH^ 
I0l0i0l0l0l0l0l0tf»l0l0lpl0l0l0 



H 
lO 



O^CMCMOCMrHiHHiHfHHCMHlO 
lOOlOOlOOlOlOlOlOlOlOlOlOlO 



CM 
lO 



<r 



lOlOCMlOlOlOlOlOlOO^^OO 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



r-i^ r-iCM«Hr-l«H00C^C^O^D-00a)a»00i0 



H«HfH«HfHHH«HfHHHH«Hr-ICMrH CMCMCMlOlOCMCMCMCMCMCMCMCMCMO 



CM 



CM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CM 






^^lO ^oolOlOOlOOU>lOlOlO«>co^l^» 



HiHrHiHrHiHiHHfHrHrHHrHHHH 



c«-r-c^ c*c*p-c«-c«-p-c^p-p-c«-c«-c*-p-^cop* 



lOlOlOlOlOlOlOlOCMlO'^^lOlOCM 
^ ^ ^ ^ ^ ^ ^ ^ ^ "^ "^ ^ ^ ^ ID 
CMCMCMCMCMCMCMCMCMCMCMCMCMCM CM|CM 



00 

to 



lO^t^^CMiOOkOOOC^C^C^C^flOlOr^ 



WCM CM CM CM CM CM CM CM CM CM CM CM CM CM 



lO 
CM 



gCM 



^OCOOCM^^COOCM^^OOO 
HiHfHrHHCMCMCMCMCMlO 



CM^^COOCM^^OOOCM^OOOO 
I0l0l0l0^^^^^tf>l0i0tf3i00 



p^r-c»-c-c»-r-c-c-r-r-r-r-r*c-c- 



< D-c-r-t-c^c-c^t-D-r*c^c^c^D-co< 



Digitized by 



Google 



Digitized by 



Google 



65. 



^ 



OlOlOOOIOIOIlOlOC^OkOOC^lO 



o 
o 






o 



IOOIOIOIOICMOICM020)0)IOIOO|IO 



lO IOCM020)CMCQO)02CMO)OICQOIOIOICM 



01 



lO^coooo^ior-^ oooo^oooo 



O^O^OOr^aOiOlOaOOIlOlOlOlO^lO 



lO 



HfHfHrHiHiHiHrHr-IHr-lrHHrHHrH 



»H H »H »H iH »H H »H H rH H »H rH H fH 



O) 



HOOCX)0050^0l^0^02fH^a>CD 

CO CO 00 D- CO 



CQCQOIOIOIOIOIoacv)OICMOIOIOI OIICM 



to H r-iCO^lOCOr-i r-i OO r-IOC*-^tf> 
^t*sOfO%atOt^t^t^t^t^nOtO%OtQ 

CV2CM020IOIOI02020IOIOIOIOIOI^ 



CO 

0) 



J^ 



o»o» CM ^^oa»o>^^^<^o^^^<^o»^* 



CQOOCOOOroCOOOCOCOO^GOCOCOOO 

r-l H 



O O^COD-D-D-OOOOOOOOC'-COOOOOC*- c*-|o^ 



IM 



lOfHioiocMr^c^^oioooioic^fOoo r^ioioior-coooco^oooooioiotf) 






t^^5000^0U>O^OOfOO^ 



^^ ^^^'^^^^^^^^^t*^^^ 



-r 



lOrHiHfHiHfHHfHrHiHHHHH 



10 «> 



r-iD-l0l0l0C^9OD-l0f0^l0l00l 
CMO^O^O^O^OOOOOOOOOO 



DldCQOIOIOICMOICMCMCMCQOIOOICM OIHfHt-I^CMCMCMCMCMCMOICMOICQOI 



^tOW^iHOHQiHOllO'^^^^'^^ '^'^lOlOOI^^^^^^'^OJlOOl 



oo^^r-t*-r-c«-p-c^r-p-c«-e*-r-c^ 

HfHrHiHiHHrHrHrHiHHiHrHiH »Hlr-l 
HfHiHrHiHiHiHiHr-irHfHfHiHiHrHi-l H 



cocococor-r-c»-r*^^^r-c«-r- ^• 

H»H»HfHrH»HHrH»HrHiHr-l»Hr-li-l 



l00^0>0»0»0»OCMfH0ll0O^OO^ D-iOOlOOCQCMlO«>lOr*lOlOtf>fH 
OOlOIOIOlOHOtOlOlOlOtOlOlOlOlO tOHHfHfHOjojOJCMOICMCMCMCMCM 
CQOI02CMOI02020ICV20202CMCQ02 CQ|cM CMCMCv20)02CMCV)Cv2CMCMCV)CMCV20)02 



01 

• 
CM 
CM 
CM 



C eM^U>C0OCM^OC0OCM^^C0O 
^^ HiHfHfHHCMCMCMCMCMlO 



cocococococococococococococo 



% 



0|^^C0OCM^OC0O€M^50€0O 
I0c0l0l0^^^^^a0i0i0i0tf>0 



COCOCOCOCOCOCOCOCOCOGOCOCOCOCH 



^ 



Digitized by 



Google 



Digitized by 



Google 



66. 





KOOlOlOOIOICMO)OltOOO^fHf-lO 

ooooooooooooo^o»oo»o> 

• •••••••••••••• 

WOUOlOlOlOlOlOlOlOCNiOllOCMO) 


CD 
10 


00HOO0><»O000>OOO00fH02 

c^o^o^o^oooooooocoo^o^cocooo^ 

• •••••••••••••• 

020202020202020202020202020202 


GO 
CD 

• 
CM 


OJ 


C>2l00ll0l0i0OOl0^t0^i0fH 


^f^a^ ^ Hioioioioiolo 


0) 




H 

ID 

• 


r-r-^r*r*r»p-r»r-r-r-^r-r-c* 


5 


M 


CV)OIOIOIOIOIOIO)CMCMOIOIOICM02 


IOO>C^^^OU>O^OOU>^020^ 
020202020202020202020202010202 


01 

• 

02 


,t 


D^r^O^OOO^QOlOOOOO^COOO 

0io»o»o»oo^ooooo»oa»a»o» 

•H HrHHfH H 


• ••••••••• •••• 

oocoo^cocooocooooo^ooo^oo 


** 

• 


^ 


«>^IOOC^O^OU>«»^IO€OC»OC^ 


U>0DC0fHC0a>O»O> oooo^o^coooo^ 


CD 


^oc-r^c-r^o^c-c-D-r-iOot^e^ 


• 
02 

lO 


D-«^t^^U3^50^C^«^«>lOlO 


^ 
^ 


<r 


ooooooooooooooc^ 

• •••••••••••••• 

Cy|CMCQCMCM02020l02CMOICV)C)0)H 


lOHO>O>00C-O>OkD-O>C0r»^O2H 
oJoJfHHiHfHiHHHHr-IiHiHiHrH 


CD 

• 


•H 


CSJtOOla)^f0^l0^lOlOfO^C^O 


^ fH 0^0> 0020^0»00»0^ 




^•D•c-r•r•r•c-c-c*c-c-c-D•^^ 


rH 
H 

CD 

• 
lO 

• 


c^r»D-D-ro^or*^t^ou>^oo 


H 

ID 

• 

H 
02 


iH 


CQCQOIO)CM020IOIlOOICaOIOI02CM 
CQC^O)CMCMO)CQCQ020)OI020)OICV] 


OfH02H02OOHO«HOHO02O 
CQO202O2O2O2O2O2O2O2O202f-liHfH 
C^O2O2O2O20202O2O2O2020202O2O2 


y 


c>2^u>a)ooi^foa)ooi^^oqo 

HfHrHfHHOIOOIUOIlO 


ca^ocooo2^^oooo2^oa>o 




o»o^ci^oo>oio»o»o»o»a^o»OkOo> 




• 

5 



Digitized by 



Google 



Digitized by 



Google 



<^ 



lOr»fHOIOH«lOOlOO»0»OCQ 



oo^ 



PL 



010)020101010)0)01010202010)020) 020)0)0)020)0)0)0)02020)020)0) 02 



loioioioio a»or»o^ o»ooood- 



c^c-torr-irH fr* a» o> o> 



O^ cH 



02 



> H 



1 r-l fH rH fH fH fH H rH rH rH rH rH 






HrHHiHHHHHrHiHiHiHiHiHiHH 



iH »H »H HHiHiHHrHrHrHrHiHHH 
iHHHHHrHiHrHHrHHHrHiHH 



02 



0202020202020202020)02020202 02|02 



OllOC^HO»0»U>02r*0200oO>OQ 
02iOiOlO^^^^lO^l0l0l0lO 
O2020202O202020202O2O)O)0{02 



O 
lO . 

02 02 






HO^^O^r»0 0>^r-0'0>^H^^'# ^0»^0^^H0^D-0^^5|irHr-H0> 



00^0»OOOOO^OOOCiOOOOO>O^U> 






^000»0>OCOOO^COCX)000»00»0 



D^OlO«-IHO»OC00^02HOlOOr* 



^ ^ioo^r»^ioioiooooo^€OH02a) 



lOlOlOlOlOlOOlOlOlOlOtflOlO^ 



lO 



^^OlOlOlOlOlOOlOlO^^lOlO^ 



^ 



Hoa>99020^cor-^^o»fH( 



0>«> OCOO»^^lOO)«H^l0^020rH^.. 
OkC» OOfHfHHHfHHHiOOOOOfH Hir-I 



10 
ID 



02 



H«HHfH«HH02020)«HHHH02«HH «HO)O)0)0202020202 0)0)0)0)0)02 



02 



o>cor»r-e*io^^^io^io^02 

HiHHrHH»HiH»HrHrHrH»H»HiHfHH 
HHrHHr-lrHfHrHHHfHHHfHHH 



02O 02 0)020»020^0C^O<»OkiO^*^ ^- 



iHrHiHiHfHHrHfHiHrHHiHiHiH iH|H 
HfHiHrH»H»HH»HrHHi-liHr-lrH( 



tOfHO»o^oor*«o»iou>ior->^o oKo tooo^o^r-oioioioHOcoiooo 

H iH O O O O iH 02 10 H rH O iH 02 
020202020202020)020202020)0)0) 



IfH H 



0) 



OI0020202020202I00202HH0202 
0202O)O)0)O)02Ca02Ca0202O20)02 



02 
O) 



si 



D2^^00ON^«>00O02^O00O 
fH iH H iH H 02 02 02 02 02 lO 

QpOOOOOOOOOOOO^-^ 
HHr-IHfHfHHr-tHHr-liHHfHrS< 



02^«>C0O02^O00O02^«>C0O 



o> 




Digitized by 



Google 



Digitized by 



Google 



<f* 



CM 



68. 






CM02020IO)0)OI020)0)0)OIOIOIO) 



cDo^r^oooiO««>«r^r^otf>^iO 



GO Otf>HHOIO|Oi O«^0l<H 00»tf> 

• •••••• ••••• ••• 

CM CMCMCMOIOIOIOI CMCM CMCMCM CMCMCM 



HlOr-llOOIOi 



a^o^o^ lOfOto ^- 



10 

CM 



I." 



lOlOlOlOlOlOlOlOlOlOlOlOlOlOlO 
Hi-4»HfHfHfHr-lf-«r-lfHiHr-IHfHi-4 



O 



iHrHHr-lr-lfHr-lfHr-lHfHHr-lr-lfHrH 



CMCMCMCMCMiOiOiOCMCMCMCM^^CM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



10 Oir^oooo^cM Oiio tf>r^r^r^iocM 

to HfHlOCM^CMCM lOlOfQfHfH OOO 
CM CMCMCMCMCMCMCM CMCMQICMCM CMCMCM 



0l0»^0^0i^0»0»0i0i^^0i^<^P* ^OiCncn^C^O^Oi^^^OiC^O^fHOO 



ID 
CM 
CM 



P^ 



oooor^ooD-ooiOoooooooooiOi^ 



oo 

01 



r*^r*Oioor-r*ooo»o»r-^ioio« 

OiOi<^O»O»OiO»Oi<^O»0»OiOiO^Oi 



GbO^^^CMCMC^iOlOiOOOlOlOiOO 



O <^<^iOO^«^CMOiOiO»HO^^«lO 



r 



^lO^^^^lOiOlOlO^^^'^lO 



^ 
^ 



lOlO^iO^^^^^^^^IOlOlO 



oioc^t^ioiooir^r^r-^^CMOco 

lOfHO^O^O^OiO^^^^CMCMCMCMlO 



CMCMfHfHc-lfHfHCMCMCMCMCMCMCMCM 



00»l0^^^lOCMlOtf>r^OlOCMCMfH 
CM fHOCMtf>tf>lOl0^^^lOCMrHr4fHlO 

CM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



iHfHfHHc-lc-lfHHfHfHr-lfHHr-l 
HfHr-IHfHHHfHHr-lfHHHfH 



0» KO 



tO^^^^m^^^^CMCMfH 



ia ^^^loioioioioiotoioioioioioio 

fHfHfHr-lr-IH«HfHfHfHr-IHfHfHHH 
fH|iH HfHHfHfHHfHr-lfHf-«c-IHr-lf-«fHiH 



c^ioiooiio^^iooc^o^r^^t^KO oor^^fHio^o^^ooiOr-ioi^ 

OfHfHOfH««i0^lOtOlO^^CMlO CMCMlOIO^^^iOiOiO^^lOlOCMlO 
CMCMCMCMCMCMCMCMCMCMCMCMCMCM CM|CM CMCMCMCMCMCMCMCMCMCMCMCMCMCM CM|CM 



CM^OCOOCM^^OOOCM^OCOO 

^ fHHiHfHfHCMCMCMCMCMlO 



CM^^OCDOCM^OOOOCM^^OOO 
I0l0l0l0^^^^^l0l0i0l0tf>0 



iHfHHi-lr-lr^r-lfHHfHc-IHfHH 
r-iHHi-liHr^HfHtHfHr-liHrHtHH 



•ife 



•H r-l H H fH f-« iH H fH H rH I 
•< r-IHf-*HHc-lfH HHHfH 



IrHiHCM 
IfHHH 



^ 



Digitized by 



Google 



Digitized by 



Google 



.(i?.. 



ocM(Dc^r^oioo)tf>ioococor^ c^iio 



OdrHIOlOOOOfHOIHOOOO 



Clc-lfHHHfHfHf-«c-lfHfHHHfH 
n • • 



fH H 



IrHrHHfHfHHrHr-lfHH 



t-" 



lOOHfHfHC^ 



0» 00 C0«^^ 



lOOOO 



IQ 



O^ O^ O^ 



e." 



J" 



HiHc-lfHiHHHiHfHHr-4fHfHH 
HfHiHHHc-lfHfHHHfHfHc-lfH 



fH H 



H rH fHi 



J ^ ^ ^ ^ ^ ^ ^ ^ ^ 10 10 lO 
r-liHc-lf-«HfHc-lfHHi-4Hc-li-4c-lrH 



OI^OOOiO^OO^OOOO^OOOCQlO 

Hoo^ioio^^tor^^^^^ioio 

CMHHfHHHfHHiHHfHi-4i-4Hi-4 



lO lO 



lOHlOOOOOO^^lOOiOlOiO^^ 
lOlOO^^lOOOOOCMOOOO 
HHfHfHHiHc-lc-IHiHfHc-IHfHH 



o»o»o»r-^o»o»^r*^r*o»o»o»o^ 



0»^0»( 



0» 0» O^ 0»0» H ^ 



o 

0) 



00 



p^ 



lOWClOJ'^tOlOlOSiOlOWi^S 
900000000000000 

iH c-l c-l HiHH fH H H rHfHfHiH ' 



10 
O 



^^lO^^lOlOlOlOlOlOCMCMlOtO 

ooooooooooooooo 



r^ri r^r^r^ri 



lO 
O 



oojp^t^p^«^rHr*r*ior^«)io^ 
• ••••••••••••• 

(oo^oocooio^o^oio^oioooo^^ 

^lOlOlOlOlOlOlOtOtOlOlOlOlO 



10 ro 



02HOi|OlOlOfHHlOlOlOOOOC2 
• •••••••••••••• 

lOlOlOlOlOlOlOlOlOlOlOlOlOlOlO 



lOlOlOCM|OCMOr^^'^OJOliH5::Jt 



lO^Oc^c^CQoocDr^^^oor^ioio 

^«>lO«>«>CQfHHO)lOlOfHHfHH 



10 



lO 
10 



OJcHiHiHfHiHiHfHfHiHiHrHiHiHiHCM 



O^OiO)0)OiOi O^O^C^O^lOlO^ 



ooe^o««)OJ^^CM^io^iooj^ 



CVJiHOaOJOOfHOOOOOOOOrH 
iHfHiHiHHiHcHfHiHHcHiHrHfHiHiH 
fHcHHiHfHHHfHiHiHfHfHfHfH fH|r-l 



OOOOOCMCQ02020)CMO)02C\20) 



oa)iOfHr>-o»^cOfHfHO»Qoir^ 

^«O^^OO^OiO«HH(^00»(^ 
CMiHfHHOlcHHOJCMCQfHCMHH 



OCO 



CQWCD^W'i^iHfHO^t^OfHHOi 
00 CO ^ 00 CO ^ to 10 ^ ^ ^ 10 lO 02 rH 
fHiHfHfHHHHfHHiHHiHfHHrH 



CM^«00O02^«00O0)^«>C0O 
H fH H fH H 02 02 O) 02 Olio 



OI^<000002^«>COOO)^0000 
lOtOlOtO^^^'^^iOlOiOlOlOO 



gia~~SSS^^S5S3?JJ5SS?i^?Jfe gS2^SSS3S^J^Sa?5a' 



o» 



• 



Digitized by 



Google 



Digitized by 



Google 



d 



CO 



02 



o 

•p 
-p 

-P O >4 

(0 o 

•d o o 
u o 

O ^M 

^ O 

^-- s? 

S3 fi O 
•H-P 

O-P 
O fH 

CO 

•p 



^' 



1 tt 1 M 

H tf iJ-P 


OOOOlOOOiOiO 
0» 10 ^ 00 CD H 0) 10 

tooiioiotoioioioio 


. K. V, i 
Output 


D) 00 CO 01 c^ Oi 10 

• •••••••• 

GOOOOOCDOD-^CDO 
0» 02 ^ C^ C- fH 01 ^ 
JO 02 10 to 10 10 lO 10 10 


; Actual; 
: K. W.; 


00 10 fH ^ 10 10 H 
• •••••••• 

<<> ^ cH 00 C^ ID ^ fH C^ 
00lOtO<O00CDlO^<O 
HfHfHfHiHfHfHcHH 


uT 


"^ '^ 02 ^ « 10 ^ 02 '^ 
• •••••••• 

tOfH02tOlOlOfH02lO 
Cj Cj €Q 02 02 02 02 CS C^ 
OOOOCOCOCOCDCDflOOO 


O-P 




^oo^oior^iooo^to 

CQ CO 0» CQ 02 GO 0^ 
C\2 fH H 02 €^ 02 H H 02 


; Actual : 

: K. V. : 


^ 10 ID 10 02 02 « ^ 
• •••••••• 

to ^ t- 02 02 t- 10 
> ^ 00 o» o» to to C^ 


m" 


CO I0l00202t^l0fl0 
• ••••••• 

c^tor^floo^otot^r^ 

tOlOlOlOlOlOlOlOlO 

00 00 00 00 CO 00 00 00 CO 


• 

- -d 

^O-P 


^- 10 ^ o» Oi 02 r>- 
r- fH 02 02 o> 

CQ H 02 02 02 02 H 02 02 


1 


CO 02 ^ ^ CO 02 ^ to 

H fH fH iH 02 02 02 


I0l0tf>i0l0tf)i0i0l0 




70. 



(tf 



^ torn t30« 
a c o c » 

•04; ^ U >>-H 

d U)^ 4) rH 

•d «P fH ID OS-H 

•d c cd o a v«<d 
Q o "d 4> H ^< 

d>4>-H4» • Q,!^ 
P *P &0 

•d 0) "d fi o -p 
•p (ri ;ci d CO o a> 
o o 4^ a -p a 

o Q 4» 
•4» c O-P 

y^ a<H :s c6 

0) «) fH ^ 

t>-P oS 
S I r> 0) 

^ O 3 ID 
^ ,— O ,S} ID Q) Ctf 

tt«HM4> mja 

*H CD O 4) Pi 

H 01 to A XI pi 

80 • d 4> 4»fH 

o -p-d CO) 

CQ 09 C ^fH -P 4^ 
4>p ol 
► ^ :J4j 

O « 4> C0 

PiCtt o^ 
ID O 04> 
CD CO 0) PUfH 

^ a:! V« ► 

4> ID o 

O fH CO 



3 4> 

o 



IK 



4»A5 
•H4> 



O >^3fH « O 
OrH CO h 04> 

34* a CJ C 

CO O O O -H O 

O c;S a C4» ()0 



Digitized by 



Google 



Digitized by 



Google 



71. 



3 • :s o o^o ic«fHOiO»o»oiooioio20ir-itf)Oc^ocoior^ooo 

!«0 o . 



^1 



p- to 



OCQ00t0000»r-rH0>0»t0tf)l0tf)^lO00lOOCDCDCQOO00 



rHlOfHO0»C^0000e^00^r-ie^r-l(00)0l«H^lOlO^lC^ 
OlOlOlHiHHfHfHf-ifHOlOllOlOlOlOlOlOOllOlOlOtO 



02 



0) 



o 

w 






rj >i 

-pa ^ 

Pi 



^c^o2r^«o)^ioior^oi^- goiooc^oioo^-oo«> 



tOfHO»cO(Dr^cDD-oooOfoo»oi^ioioioio<oe^e^ooio 



§ 



ii 



'5 



P4 



• • • • • 
fcO 01 0> t^ C*- ^ 
rHfHOQOQ, _ _ 
COOOCDCDOOCOOOCOOO 



0202 too r^ioc^ioio ^ 

I0^l0«020?r^0r-Ic-I»HHIO'^10101002 • 

OOOOOOfHO}0202020202 02 Cj 020202^ 

COCD0O0O(DCD0O0O0O0O0O0DCOCD0OCN2 



■s«» 



g 






02 

<P y^ • O lO 
•P O O -P CO 

rt -p J2i en c\2 _ 

^ © 0) ^iH H fH H H 



^COO^rHOi^fHtf) lO 02C0O02OIOI0IO 



lO 



CO^GOHCO^O>OHfHlOO>OOOi020020^fHe^02(0^ 

^t0fHr-IO0i0>0»OOC0r-liOr^O>0»0»€3»OfHOOO0» 

fHH f-iHHHHHHO2O2020202H 



00 
lO 



I000^^l0r-I0l002i0 IC02I0OOOOIOIOOOOOH 




O2fH02lOfHO2r^tOC0C^lO00^G0HO»r-IO»00^Q«>lOr-l 

c^^02fHfHOOOO>ooOfH^^ootoe^ioe^cooor>-Goa>^ 



O 



B 



-p 


CD 


§ 


-P 


4> 


gJ 


o 


l|^ 


a 


• 


OM-Hi 


o 


^i 




Ph\ 



lO 



lO 



tf)tf>lOC^lO 






Otf) 



CO^CQOOD-O^OO^OO^lOfHlOD-COC^^^OOOOOOOO^OO 
. ^. ^. ^ .^ ^ to lO 

GO CD 



o 



tOlO lOlOg 



CO 00 00 CO < 



O20202C9C3WlQrOrOlOlOlOlOtOlOlOlO 
OOGOOOOOOOCQOOOOOOOOOOOOOOOOCOOOOO 



^ -d Tl -p M o r- 
o9«'-pa> •'po 

O -P M CIS -p o 



tD W 



a>o2ioHtf)ioHOiooino» 0002 



Ot^^lOlO 
CMrHH H H 



^<7>tf>0»C^(00202r-liO02^O02O^<7> 
020202r-l02O^t^OiHOOCJ>fH02HO 
r-IHHfHHfHfHfH02020202«H02 02 02 02 



00 GO o> O O^ 



00 10 

02 02 



00000 
to O 10 o 10 



0000000000000 

OlOOlOOlOOlOOlOOtO 



00 

10 o 



00 
100 



00 
too 






• 

H«02Wt0l0^^lOlOO^t^t*-00a)O>CnrH 


1 1 • 1 1 1 1 1 • 1 1 1 1 1 1 1 t t 


000000000000000000 


OlOOlOOlOOtOOlOOtOOlOOtOOlO 



OiH iH 0202 i-l 


iH H i-l c-l iH 


1 1 • 1 1 • 


000000 


tooiooto 



% 



OOHiH 0202 
fHrH f^02lOtO^'^lOlO^tOr-C»-00G0CJ*O>»HfHr-<i-li-4fH 



Digitized by 



Google 



( I I 



Digitized by 



Google 



72. 



s 









o 






S^ 2.Si£ 


OOr^^OC^^iOlOIOOOlOC^lOlOOOiOOOlOOr-ICMO 


01 


c-ior^^ot^oO'^oiod^oiococoo^c-icowiocM 

l00llO^lOlOO^^lOC^OfH0)0)OfHO0»0»(0000»02 


to 


•as 


lOiO^OOiO^IOOOOOOOOOiO ioior>-ioo 

• ••••••••••••••• ••••• 

0»l0^HO^r>-0»0»l0Ol«OlOO>CM0»02l0l00ltf)l>G0 
tf)iOr^C^I>«>OiO<OC^COOfHOOICMOIO)HOO>CDCV2(n 
HHHfHHHr-4HfHfHH0ICV20202O}O2 0)CMCMHfHfH 


182.66 
1 W» H. 


. Constant; 
iPri. Watts; 


•p 

• 

o 

CO 


lOlOO^^OOOO^OOOlO iOfOO)002 02lOlOiOlOC^ 
0000O»tt00ai00(D00C0OC0C00000C0O€0C0000D(DCD 


W 

"^ 
N 

X 

<o 

lO 

o 

• 

00 

H 
lO 

II 

m 

:•! 

00^ 
cHOJ 

r-j 


1 tJ'd-P « . OlD 


00 A^CQCD^GOOIOHfHO^^OOOC^ O fH 0» 
• ••••••••••••••••• • • 

ior^Ht^«>o»ioio^o<D^ior*oco«>c^c^fOiQin^o 

0»€0fHOO0»O0»Or-lr-l^tf)^C^«^-^lC ^100)10 0) 
HH02CMOlHWH0201CV2CQCMOI01CMWCQ02CQ01CMHfH 


Aotual; 
; Primary, 
: K. W, 

Wi ; 


tf>CMOor^oootf)OOior^ioioioio lo^r^o 

• •••••••••••••••• •••• 

C^O00t^CD0i0iCDr>-000»OOfH0»C00000 00C00>0»^CQ 
iHfHr-IHHfHfHr-IHHfHCMOlCMfHHfHfHfHHfHHHH 


o M-H 

P4 


09 
-P 

o 
o 

CO 


• ••••••• ••••••• ••• •• 

D*^00l0CQO>0^00G000O>O>0»O0^G0(^00(D0^0»9C^CQ 
lOlOlOWlOlOlOQQlOlOlOlO^lOtOlOlOlOIOIOlOlOlO 
OO OO €0 CO GO 00 OO OO CO OO 00 CO GO 00 00 00 00 00 00 CO CO 00 00 


•P 
O 
•P 

•P 

P4 
o 


•d-d fH fl 
o «) > rt 2 ©%! 

^4'<^ a ^ 


tf> CQ00tf)0^O0002O^fH00OfH0)00OO H fH 
• •••••••••••••••••• • 

^0> COOOtf>C^Otf)0000020lOC^^CV2tf)0»GO ^lO^OOO^ 
00> fHOfHCQlOfHOfHtO'^^iOIOCQCMfHfH CllOlOOi^ 
OkH CV2CMC\202CQCMCMCMCMCMCMC\2C102CNJ 02 01 CVJCMOlHfH 


•p 
o 


• • 

o 


oooooooooooooooooooooooo 
iooiooiooiootooiooiooiooiooe>oiootoo 


•HC0l0ieOlO^^lOtf)OtOC-l>CD00O>O>OOHiH01OJrH 

lllllllllllll^lllfHHHfHfHfH 
OOOOOOOOOOOOOOOOO 1 • • 1 1 1 1 
OIOOIOOIOOIOOIOOIOOIOOIOOOOOOOOO 

^.i, ^A •• •■ mm. mm. •• •« •• •• •• •• •• •• •• •• •• 1^ /^ trt ^\ %f% ^> t^ 


^^ 




• • 


cHfHOJ02lOlO'^^lDlO^OD-t^OOCOO> •••• • 

o> o o H iH oa CM 

• • •• •• H fH iH fH H fH 





Digitized by 



Google 



Digitized by 



Google 





a! g . 

Qf-I O^ 
o K <» 


I0^00l000tf>i0000l00^i0i000tf>00i0i0 
• ••••• 01 •#••••••••• 

r^<^<^CQlOlOOOOlOr-llOr-l •OOfOC^^lOO^tOlOlOlO 
lO0^OC0^C0r-fH^l0«^^<0^r-lr-llO0l0»0»OlOO 
^^OllO^lOtOlOtOIO^lO^^tO^lOOlO^lOlCiO^ 
C2CQO)CV202CQC\20202CMOIC2lOO)020)CV2CM020)020)CM02 






;#8team 
; condensed; 
: in tra» : 


oooooooooooooooooooooooo 

I0l0l0l0l0l0l0tf)l0l0l0l0l0l0l0l0l0l0l0l0tf)l0l0l0 






i 
§ 

t*CQ 

Bo 

M 

Im4 


• frsteam ; 
from . 
feed ; 


lO 
lOlOOO lOlOOlOlOC^lOOlOlO 
• •••••••••••••••• 

OlOO)iOr^^HOCQiHlOOl<OC>20)lOO^OOr-liOHlO 




88888888888888888S888§8g 


irsteam i| 
from 
Terry Exciter ; 
unit 


OOOOiOOOOOOiOiOiOiOiCOOOOiO lOiO 


^^c^^r-^c-iocOi-iOHCocot^coior^iOioiooio^o 
tf>tf)iotf)ioio^ioioioicioioioioiotoc^r^^^o^^ 


§ 


1 


oooooooooooooooooooooooo 
oooooooooooooooooooooooo 




02l0^tf>^r-00a»Or-l0lH0}l0^lO^C^G00iOH0)rH 
HiHH c-lfHc-l 

Itllllflllllllllllllllll 

OOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooo 

• A Mm mm •• mm •• •« •• aa /^ -■* #\% -.J /^^ g^ ^rM ^^^ a/^ a^ f^ ^% ^^ ^J ^) 







73, 

lO 
lO 

o 

m 

00 



o 
o 



01 

• 
10 

o 



CM 

o 
to 
00 



to 

00 
10 



•3 

-p 
o 



Digitized by 



Google 



Digitized by 



Google 





o 






O S4 






o-d 


ptl 




• H a> 


O 




11" 


O GOOir^COlOO^ OOtf>OIHOOlOOiOllOOtf> r-iO 




• •••••••••••••••••••••« 




O^COCQOfHr^OO^OOCQlOOOHCQlOHlOOO^lOlOC^O^H 
COO^OHiHOOOOfHfHOOOOOOOHHOOOfH 




E-i 


s 

M 








^ 


O 


• 33 


tf)iOOOtf>OOtf>tf>OOOC^Otf>lOtf>OOiOOOtf>lO 


cviHo»^cQtf>^tf>Vd<oH^a>c^Vo)iocQiQa>«Ho^ 

H^GOOO^lO^C^^OO^fpHHOOOOIGOOOOlOC^lO 

^HCQ«for^iOtf>ioo^cQa>ooiio^o»o^«o»o»tor>- 




^ 


-p »-p 


P (3 


e^«H«Or-it>CQlO O^r^ rHHOlO^O^HO^O»l0^lOlOr-l 


M 


fe o > 

0,0 


fHfH H HH r^r^r^r^r^ H H H H H f-4 


CQg 






• 

CD 




-6 


rj-H 3 


ID 


^'^ 


I0i000tf>00tf>i00000l0i0tf>^00i000tf>i0 


gs 


r^o»o»€Qioipoa>iOfHiOf-4tf>oofor^«tf)0»«ioioio 

^0»U>C0^C0r-fH^l0^lOtf>OOHr-4lO020i<^OiOO 


•P-H4* 


COM 


o K <D 


0)CM020)CaOIOIO)CQCQCMCQOlO)OIO)CQO)0)OICQOIO)OI 


M 


E-l 3 










% 


^^ • 




t 


O-d CD 
HOP 
-H ©H 




OfHCD^^O^^OOfHrHCQiHOOlOrHOO^C^lO^^OlOO 
C^^tf>^lO^HO»COlOtOHC^r^OCOOir^QOCOlOlOlO 
GOO^OHHC^O«Car^CQlO«a>O^OIOHlO^O»H 


o 


ov« 


H 


n 






OilOCOlOOa>^fOf-40lO^O}tf>00)^€M02«r^fOiO^ 


«» 




fHiH r^rH r^ r^ r4 r^ rH r^ r^ r^ ri r^ ri r^ rH r^ r^ r4 ri r^ 


i 








888888888888888888888888 


3 




E 


s 




i^ 


1 




lllllllllfflllllllllllll 




oooooooooooooooooooooooo 








•H02K>4fioi)r^«)OiOiHOlHClK5^J>50 






HHfH fHHH 



74. 



^ 



o 



lO 
CQ 

10 



CM 



to 
CO 

lO 



s 

10 



•3 

-P 

O 



Digitized by 



Google 



Digitized by 



Google 





t* 


:«& 


»• •• « 


• •• 






OOHOiOtf)iOOOtf)00 




00 




(OOO^^t^OlOfHlOC^OC^ 




fH 




p-p « • 


• ••••••••••• 




• 


• 


(0 fi ^ 


OHO^OOHOGOfHCMlO 




Oi 


n 


^ .jr 


^IOIOIC^I0^^020}IOIO 




lO 


o 


o W 








M 










g 














Pi 










g 


•d 








s 


O O P 0) 


O Q OQOiOOQtOOOO 




^ 






o^ 


» 


^ 4^ 09 P« • 


• ••••••••••• 




• 


Q 


"^CO « ^^ 


HCQlOr^r-IHfHOOCMCl'"^ 




o» 


< 


<^ .: 


OIOIOIO^IO^^C20)IOIO 




10 


H 


o « 








1 
















^ 0) o 


lOiOOOiOOOiOiOO 


lO 




* M 


3 i-p-H 
© 3 P 


• ••••••••••• 


• 




COE-i 








n 


CO am B 


^r-f0)^<O^-lOlOlOO»02G0 


CM 




H . 




* 




gS 


O E4 


C*-fH^OC«*l002tOO>t^iHH 


lO 




O 


riri f-i HfH iH iH 


CM 
H 




o • 










•* • 


















g 


• • 

W u 








Pi 


4» a> 1 o 


QOtOiOOlOlOQtf)lCO 




CM 




• :5^ o-p 




o» 


129 


M p«<pp (d 


• •#••••••••• 




• 


O 


'C H >< 






CO 


M 






^ 


H 


CMWiHfHfHHOHOlOtOlOlO 




CM 




< 0) 








1 


o 
















O 










1 




OOOOOOOOOOOO 

oooooooooooo 






h 


10 

•3 




NtO^loit^C^OOHCSlH 


CO 


E4 


r-IH H 


•P 


• 






1 1 1 1 1 1 1 1 1 1 1 1 


O 


J> 






OOOOOOOOOOOO 


H 


< 














ooooooooo •• •••• 

»• •• •• •• 99 •• •• •• »* o rH CM 


• • •• • 


• •• 




HCMlO^iO^C^CDO iHHiH 



75, 



u 

a> 

.si 

U 
O 



1^ 

4^ 4* 



S* 



4* 

o 






GO 



Pi 



o 



> CM 



Digitized by 



Google 



/ 



Digitized by 



Google 





Dry : 

Steam : 

Consumed : 

per : 




• • •• « 


• •• 


• 

g 

i 
i 


OOiOiOOOiOiOQQQO 
lOlO^OHOCMCMrOlOlOW'^ 




• 


Wet 

Steam 
; Consumed 

per 
: K. W. HR. : 








OlOlOHlOlOOrHHlO 

• ••••••••••• 

Or-Or*^^C2C2^iOOtf> 
lOic^OJrocMOHOiororo^ 




CO 

H 

• 
10 
lO 










gg 


op H 


lOO 

t^ OiOlOiOOOOO lOlO 

• ••••••••••• 

HHo^ocacoocoior-io 

OlO^ChrHO>CMO^lOlOr-l 
r-lrHH r-l rHHrHrHH 


• 
H 

o 




AV. K. W. : 
Output 
of the 
Turbo- 
: Generator 




§ 

M 


I0000^i00i0tf>i0tf)0 
• ••••••••••• 

CV2 O ^ to lO OH rH H en CO to 

toforoioioio^^^ioiow 




01 

• 

to 


s 

O 
O 






la 


oooooooooooo 
oooooooooooo 


4* 

o 


• 


CO 


CMl0^lO^r-C0OOi-102r-l 
rH rH c^ 

1 1 1 1 1 1 1 1 1 1 1 1 

oooooooooooo 
oooooooooooo 




•H02lO'^lO«OP^COO>Or-IOI 
HrHH 








• • •• < 


>• •• 



76. 



Digitized by 



Google 



Digitized by 



Google 







1 

t 

i 

i 

I 
^ i . — - — . — . — . — . . — i 





■ 1 




. . .. . 


1 Id 5 « 


- -»-^- t 

1 




i 


\ ^ <« 


— — . — . — • — r -^ — ^ I 

1 




1 

1 

i 
i 






\ rr 



Digitized by 



Google 





• 


•• •• •• •• •• •• • 


• •• •• •• •• •• 




ID -f* 3 M 








,0 o « o • 


^ 


^ 




l^^-p Ptp, 


• 


» 




oa • 


^ 


^ 




W 


01 


w 




• 








• 


• • •• •• •• •• •• • 






• g @ 


00 


^ 




p « « • • 


• 


• 




^^^•P P.^ 


00 


10 




CO • 


ro 


lO 




w 








■ail . 


•• •• •• •• •• •• • 






*P q> 


02 


to 




o*p fD,0 


• 


• 


• 


HCQ Ch) 


10 


H 


i^i 





CM 


r* 


o 





-r. 


oa 


• 






CO pi 


P4 « 






fH s 


e 


r- 


0) 


Eh ^ 


• -H 


• 


• 


CO 


KUfi 


10 


02 


g§ 


„-°^ 


10 


03 


*?« 








4^ 




•• •• ** •• •• •• • 


• •• •• •• •• •• 


wg 


1 


^ 


« 


CO 


M M 


r-l 


ro 




• 00 


• 


• 




V1V4 C*P 


iH 


w 




^ « q5 


o» 


o» 




H 








*P 9 


0} 


to 




»'g,if 


• 




• 




i»^U 


CO 


CO 




• :i 





•H 






.. ., ., 


ro 




1 


^33 


3 g 5 




000 000 00 ol 




H 


O-PO 04*0 O-POJ 






•H H iH 

•• •• •• •• •• •• • 


iH r-l H 
• •• •• •• •• •• 



77. 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



78. 
Discussion of ReBults. 

The Average load for the 24 hours was 318«06 
K. W. or 79^66J6 ?ull load. 

The steam eonsunptlon per K. W. hr. and per 
B. H. P. hr. was confuted for each 12«hour period, and 
also the av. steam consxuaptlon per K. W. hr. and per 
B. H. P. hr. for the full twenty-four hour period. 

An attexnpt was made to determine the steam 
consumption for Yarlous loads of the turbine hy taking 
periods of one or two hours over whloh the load remained 
fairly constant. This attestpt, however, proved a failure 
due to the fact that It was Inrposslble to check up the 
actual amount of steam consumed during any short period 
of tlxAe. This Is readily seen when one considers that a 
matter of from 2000 to 4000 pounds of water can scarcely 
te noticed on the holler water level when the holler is 
in actual operation. 

In order to obtain the exact steam consxuaptlon 
of the turbine by the method used, it would be necessary 
to use a boiler which had a rather small water Burface In 
the boiler at the water level. As the boiler used was 
rather large It was impossible to get the exact steam con- 
sisnqption of the turbine using a Jet condenser. 



Digitized by 



Google 



Digitized by 



Google 



79. 

A heat l)alajioe for the whole plait, which 

shows when the heat from the coal is distrlhuted, was 
determined and the results plotted graphically using the 
Heat units in the comhustihle as 100 H. U. and all the 
heat distributed through the plant as proportional parts 
of the heat in the comhustihle. 

The total amount of Condensing water used hy 
the Jet condenser was confuted from the steam consumed 
ty the turhine, and the rise in temperature of the con- 
densing water • 

The Average amount of condensing water was 
found to he 329,000 Ihs. of water per hour. 
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eo. 

12«Hour Boiler Test on Stirling Boiler. 



Otject. 

In view of the fact that on the 24 -hour tiir- 
blne and hoiler test the hoiler was not loaded to its full 
capacity and that on account of the inconvenience of bring- 
ing the coal to the boiler room so that the amounts fired 
could loe checked for two ho\xr intervals » it was thought ad- 
visable to run this 12-hour boiler test. 

Method . 

As it was impossible to start the fire at the 

beginning of the test and pull it at the end, the test was 
ended with the bed of fire in practically the same condi- 
tion as when the test was started. The ash pit was clean 
at the beginning and end of the test so that all of the ash 
and refuse removed from the ash pit was the result of coal 
fired to the grates. The amounts of coal fired to the 
boiler were checked for two-hour intervals. 

Boiler pressure was read on a Boxxrdon gauge on 
top of the boiler. Steam quality readings were obtained 
by the use of a throttling calorimeter located near the press- 
ure gauge and on the same pipe. 

Stack teniperatures were obtained by use of a 
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81. 
calibrated thermo-couple and the flue gae was analyzed 

with an Orsfrt apparatus. 

Pressure across the grates was measured with a 
manometer 9 one arm of which was subjected to atmospheric 
pressure, and the other to the pressixre above the grates. 
Chimney draft was measured with a differential oil draft 
gaxxge. One arm of this gauge was free to the atmosphere, 
while the other was subjected to the pressure within the 
stack. This laBt pressure was obtained by connecting the 
draft gauge through the hole formed by removing the handle 
from the middle door in the boiler breaching. 

The boiler feed water was pusrped from the feed 
water heater to one of two weighing tanks of about 1200 
pounds capacity each. From these tanks tls water passed 
by the force of gravity into the hot well, a tank of about 
2500 pounds capacity, and from there it was pumped by a 
second reciprocating boiler feed puznp into the boiler. 
Bollerfeed water temperatxxres were taken in the hot well. 
The amounts of boiler feed water furnished to the boiler 
were noted each hour. Whenever a check was made the level 
of the water in the boiler was the same and the level of the 
water in the hot well, as determined by means of a floaty 
was the same. 
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82. 
Conclusions . 

Due to the fact that the coal fired was of a 
poor quality » It was hard for the fireman to keep a uni- 
form Toed of fire, under the fluctuating load on the holler 
during the test. In consequence of this circumstance, It 
Is feasible to assume that not all of the coal fired during 
a two hour Interval was used to evaporate the water fed to 
the boiler during that Interval, and that part of the coal 
fired during one two hour Interval may have been used to 
evaporate some of the boiler feed water fed In the succeed- 
ing two hour Interval. This conclusion Is drawn because 
the pounds of water evaporated per pound of coal does not 
remain constant. The non-unlformlty of the coal Is also an 
Influencing factor, but Its Immediate effect could only be 
approximated by an Infinite nxamber of analyses of the coal 
and this would be ln^ractlcable. 

It should also be noted, that It is Impossible to 
accurately read the height of water in the boiler, due to the 
large surface area of thewater in the boiler. One thousand 
pounds of water added to the boiler wou5.d make a difference 
in the boiler water level which could hardly be noticed. 
Hence, the fact that the pounds of water evaporated per 
pound of coal does not remain constant, is also due in part 
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84. 
to the Ineyltable inaoouracy of reading the holler level 

at times of cheoke* 
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100. 
Teste of Terry Tur1}lne Dlrect-Conneoted 
to Northern Crenerator. 



O'bjeot . 

The ol)jeot of the first test on the exciter 
iinlt was to determine if the performanoe of the \init 
fulfilled the guarantee of the manufacturer. Having 
determined from the results of the first test that the 
performance was unsatisfactory, we sought in the three 
following tests to determine the operation with slight 
changes in the governor, with change of nozzles and lastly, 
we sought to analyze the existing conditions in various 
parts of the turhine in operation. 
Method of Making the Tests . 

The generator load consisted of a water rheostat, 
and a man was stationed to keep the load as constant as 
possible. The steam pressure and quality were taken at the 
turbine throttle. A mercury manometer was connected to the 
turbine exhaust pipe in order to obtain exhaust back press* 
ure readings. Data for the quality of steam was obtained 
by the use of a throttling calorimeter. All exhaust steam 
from the turbine was condensed in a Vheeler surface con- 
denser and weighed. The first test was made on the turbine 
just as it was sent from the manufacturer. The second test 
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wa8 made with a set of larger nozzles in the turbine* In 

the third test the condensed steam was not weighed and the 

riin consisted mainly of a test on the speed control of the 

turhine governor. Our last andfoxrth test on the \init was 

made similar to test ir;am1}er 1. In addition to o1}taining 

the same data as in test Nxamher I, a steam pressure gauge 

was placed 1}etween the governor and nozzles. This gauge 

gave the steam pressxire at the nozzle. Speeds were ol)* 

tained hy use of a speed counter ^and a tachometer accurate 

within about 6/10 of 1%. 

Instruments Used , 

De Laval Steam Gauge used for noszle pressure 
in test #4, 

Bourdon Steam Gauge used for steam pressure 
at governor in all tests, 

Weston D. C. Voltmeter Ho. 16808; to 150, 

Weston D, C, j^mmeter No, 6010; to 25, 

Weston D, C, Ammeter No, 7161; to 500, 
Results of Tests , 

Test Ho, I performed March 6th and 7th, 1909. 

Above a 306 ampere load, the turbine speed falls 
off very rapidly resulting in a low generated voltage. It 
was ixnpossible under these conditions to get the rated full 
load on the turbine. 
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It should 1)6 mentioned that at the 306 axnpere 

load and ahove, the governor was wide open. 

Test Ho, 2 performed March 23rd, 1909, 
This test gives aT}Out the same results as test 
Ho, I, The terminal voltage of the generator Is up nearly 
to normal, although the turhlne speed Is down to nearly 2400 
R, F, M, when It should he 2500, It will he noticed that 
the exciting current In test No, 2 Is higher than It Is In 
test No, I, 

Test No, 3 performed March 30th, 1909, 
It was found that If the load on the generator 
was pushed heyond 375 amperes, the speed of the turbine 
dropped sufficiently to make It liqpossl'ble to maintain 
normal voltage with the field rheostat entirely cut out. 
The current was run up to 490 aotperes and It 
was foixnd that the voltage dropped to 90 volts and the 
speed to 2090 revolutions per minute. The load was sudden- 
ly thrown off at this point and the speed ran to 2640 R. P. M. 
fluctuated for seventeen seconds and then fell hack to 2560 
R, F, M, and remained there. 

Test No, 4 performed i^rll 7th, 1909, 
Ahove 400 amperes load on the generator, the 
speed of the turhlne commenced to decrease very rapidly 
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and at 440 anqperee the speed was 2260 R* F* U. . while the 

generated voltage was only 112 volte with all of the field 

resietanoe out out« When the load was thrown off , the speed 

of the turhine ran up to 2700 R« ?• M« 

Conclusion ^ 

In the conclusion of the discussion of the test 

on the Terry turbine and Northern generator exciter unit^ 

it may he said that^ (1) the speed control of the governor 

is poor; (2) the steam consuisption per E, H. F« output is 

too large; (3) the turhine is unable to operate satisfac* 

torily with full load on the generator, because the speed 

is down too low; (4) the turbine is able to carry a larger 

load with the larger sized nozzles, but the steam consump* 

tion per B, H« F« of the turbine is also increased as the 

size of nozzle is increased, as shown by the curves* 
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115. 
Calll)ratlon0 



Steam Pressure Gauges . 

The steam pressure gauges used on any of the 
tests were oalihrated "by means of a Crosby Qauge Tester 
at Increments of 5 poxmds per square Inch for both increas- 
ing and decreasing pressures oyer the entire scale of the 
pressure gauge and the average of these two curves was 
taken as the final calibration curve. 
Ammeters . 

The direct current ammeters were calibrated 
against standards for both increasing and decreasing 
values of current and the average of these two curves 
was tUcen as the final calibration curve. 

The alternating current ammeters were calib- 
rated against the same standards with direct current for 
increasing and decreasing values of current with the cur- 
rent flowing first in one direction and then with the cur- 
rent reversed and the average of the four curves was taken 
as the final calibration curve. 
Voltmeters . 

The direct current voltmeters were calibrated 
against standards for both increasing and decreasing values 
of voltage and the average of these two curves was taken as 
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the final oalil)ratlon curve^ 

The alternating current voltmetere were calib- 
rated against the same standards with direct current for 
increasing and decreasing values of roltage with the rolt-* 
age first in one direction and then with the voltage re« 
versed and the average of the four curves was taken as the 
final calibration curves. 
Indicating Wattmeters , 

The indicating wattmeters were calibrated with 
direct current and costpared with the readings of a stand- 
ard ammeter and standard voltmeter. Readings were taken 
for both increasing and decreasing watts and the average 
of the two curves was taken for the final calibration 
curve. 
Thermo -C oun 1 e s , 

The thermo-couples were calibrated in an elec- 
tric furnace by comparison with a standard thermo-couple. 
The milli-voltmeter used in connection with the thermo- 
couple was not calibrated separately. 
Thermometers . 

The thermometers used were calibrated in an oil 
bath against two standard centigrade thermometers and the 
thermometers were iwnersed in the oil bath to sufficient 
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117 • 
depth to costpletely submerge the mercury oolumn. All 

thermometers checked at the melting point, (as determined 

by submerging the thermometers in melting snow) and at 

the boiling point wheniMimersed in the oil bath. At the 



highest temperature reading, 280 7» the greatest variation 
of any of the thermometer readings from the standard was 
about 2 degrees 7, as near as could be read. For our pur- 
poses all of the calibrated thermometers were assumed to 
read correct. 
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lie. 

Calltoatlon of Series Current* 



Transformers. 

Transformers Calil)rated« 

1. Yestlnghouse Series Transformer 'So. 49182 
with current ooil of Weston Wattmeter Ho. 
267 (0 to 1500) and Westinghouse A. C. 
Aouneter Ho. 104602 in the secondary of the 
transformer • 

2. Westinghouse Series Transformer Ho. 49203 
with current coil of Weston Wattmeter 
2860 (0 to 1500) and Weston A. C. Ammeter 
No. 291 9 (0 to 5) connected in series in 
the secondary of the transformer. 

All these instruments had heen previously calib- 
rated. Bach transformer was connected with its secondary 
to the instr\unents grouped with it. These instruments 
were the same as those used for measuring the power in 
the test on the Turbo Generator. 

The primary of the transformer consisted of 
passing the cable lead from the source of power twice 
through the opening in the transformer. 

At first an attempt was made to measure the 

current in the primary by means of a Kelvin Balance using 

it as an Ammeter. This calibration » however, gave a curve 

showing the relation between secondary azQ>eres and ratio 

Primary Amps . which sloped the wrong way. It was found 
secondary A«5)8. 
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after oalltoatlng the transformers twice that this error 
was due to a change in P. 7. as the current increased* 
Therefore, the results obtained from these calibrations 
were discarded and the series transformers were calih* 
rated by means of a eomparator. 
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120* 
C8dll)ratlon of Series Transformers. 



The conqparator was used to measure the primary 
current. A Thomson A. G. to 200 Ammeter was connected 
In series with the conqparator shunt In order to ol)taln 
the approximate primary current* 

The comparator consists of two paralell wires , 
each having the same material, the same resistance and 
the same temperature coefficient and the same specific 
heat. A mirror Is connected rigidly to these two wires 
and a zero adjustment obtained on a scale. 

It stands to reason that when the same effect- 
Ive value of current flows through each wire, each will 
lengthen exactly the same amount and the mirror read 
through a telescope will read the same as the zero reading, 

The current Is measured hy comparing a definite 
fractional part of the total primary current with an equal 
value of direct ciirrent and measuring the value of direct 
current very acciirately "by means of a potentiometer. This 
fractional part of the total primary current is obtained 
by shunting one of the wires across the shunt of the com- 
parator. The other wire is used for the equal direct cur- 
rent. 
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121, 

Calibration of Potential Transformers 
by the Lamp Uethod 



Method . 

The high potential side of the potential trans* 
former was connected across the high potential souroe. 
Twenty inoandesoent lamps were oonneoted in series with a 
low reading ammeter in one of the high potential lines. 
The source of potential consisted of a step^up transformer 
with a maximum transformer ratio of 500 to 1 and a minimum 
of 25 to 1. By varying the resistance in the primary cir- 
cuit, the primary impressed voltage could be varied between 
about 40 and 110 volts, and by properly operation the step- 
up transformer any voltage between 1000 volts and 55000 volts 
could be derived on the high potential side. 

An accurately calibrated voltmeter and the one 
used on the same transformer during the test waB used to 
read the voltage on the low potential side of the potential 
transformer and in order to exactly duplicate test condi- 
tions, the pressure coils of the wattmeter used on the test 
were also connected across the terminals on th^ low side of 
the potential transformer. 

The cvirrent through the ammeter and laii^s was 
kept constant throughout the calibration and the voltage 
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aoross the low potential side was read succeeslyely for 

20, 19, 18, 17 and 16 laispe in series in the high poten- 
tial oircuit. Then the voltage drop aoross eaoh lamp 
taken separately at the ahove oonstant current was ob- 
tained from an accurately calibrated voltmeter. This gave 
sufficient data for the calculation of the ratio of trans- 
formation for the potential transfonner. 
Discussion of Results . 

The chief difficulty enco\xntered, in determining 
the transformer ratio by this method, is due to the fact 
that the current through the lamps can not be kept the 
same, because an ammeter is not sensitive enough to note 
small variations in current. The current could be kept 
more constant by the use of a cos^arator or a sensitive 
Kelvin Balance, and the method could be improved upon by 
the use of fewer lasips of higher voltage. On the whole, 
this method is too loose for accurate results, as shown by 
the calibration under consideration where in one calib- 
ration the variation in the ratio from the average ratio 
was about 1.8 per cent. 
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125. 
Calibration of Potential Transformers. 



Method . 

In order to find the constant of the Slectro* 
Static voltmeter it was necessary to obtain direct current. 
A small 1000 volt direct ciirrent generator served as the 
soiirce and any desired voltage up to a maximxun of about 
1000 could be obtained. The constant was obtained by a 
direct comparison of the Electro-Static voltmeter deflec- 
tlon and standard voltmeter in the formula KD a V^ in 
which V M voltage, J> m deflection and E m constant to be 
determined. 

To calibrate the potential transformer » con« 
nections were made as shown in the accompanying print. 
It was found that the two transformer coils connected in 
series had the same number of turns so the Electro-Static 
voltmeter as connected gave one-half of the voltage im- 
pressed across the potential transformer under calibration. 

The pressure coils of the wattmeter used on the 
test were connected as shown in the diagram, to reproduce 
actual test conditions, for it was found that an appre- 
ciable difference in the ratio of transformation resulted 
when the wattmeter pressure coils were cut out. 
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128« 
DiBcuBgion. 

This method of transformer calibration proved 
very succeecful and the results were used in working up 
the data on the 24 hour turbine test. The principal ad- 
vantage in this method of calibration is that all results 
can be referred right back to a standard instrument. 
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